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ABSTRACT

A matrix treatment of eigenstructure assignment theory as applied to the
generalized linear time invariant system is presented. New geometrical interpretations
of the constraints on selecting desired ciosed loop right and left eigenvectors as
functions of the open loop system parameters are then shown to give qualitative
measures on the computational complexity of selecting the vectors. Numerical
optimization schemes are then presented which satisfy these geometric interpretations
for subsequent encoding of an interactive eigenstructure synthesis program, EIGENS.
Robust decoupling controllers are then synthesized via EIGENS. A new theoretical
application of eigenstructure assignment to reconfiguring damaged digital flight
controllers is then presented. The thesis concludes with reconfigured solution
demonstrations as applied to the F/A-18 aircraft.
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1. INTRODUCTION

. Modification of linear or non linear dynamic system behaviours via feedback
control of either the estimated or observed variable or the dvnamic state variable is a
S fundamental tool of modern control engineering. Such desired modifications might
include [Ref. 1]
a. Stabilizing otherwise unstable systems,

J b. Decoupling overall system response to plant or controller noise,

£AR

¢. Desensitizing system performance as a function of plant variations (robustness) or,

d. Invoking a desired transient response characteristic and modal signature.

A
:\' For linear time invariant single input single output (SISO) systems, calculation of
Y, the required feedback to perform one of these desired system behaviours is relatively
1 straight forward and well documented [Refs. 2,3]. The SISO static feedback problem is
: additionally characterized by a specific design specification. The classic pole placement
; problem for example results in solving a full rank linear system of equations for the
;_ ) unknown feedback gains. These feedback gains will then invoke a set of closed loop
) poles which in turn give rise to specific transient behaviours. Further modification of
g the modal behaviour of the system can only be accomplished through a different set of
-'.j feedback gains. This limited degree of freedom of the feedback design space of the
3 classical SISO dynamic problem can additionally be interpreted as a bound on what
_‘ performance specifications one can designate. Specification of additional system
'E modification such as modal decoupling for example is not possible.
ﬁ Design of acceptable feedback compensations for linear time invariant _multi
(4 input multi output' (MIMO) systems are primarily treated by state space solution
i techniques of modern control. As modern control theory can also treat non-linear and
:': time varying dynamic systems, this time domain approach has proved successful both
y computationally and analytically. The linear quadratic gaussian (LQG) problem is a
::f prime example of a successful time domain solution approach [Refs. 4,5,6]. Frequency
; response methods, along with such eigenvalue design approaches as characteristic loci
) and dyadic expansions and non - eigenvalue methods as the inverse Nyquist array
1. technique have also been noted in the literature [Ref. 7]. More importantly, the
Fy
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underlying theme in all these design methodologies is that the resuiting set of feedback
gains, F, which satisfy a singular design criteria such as eigenvalue placement,
maximizing a multivariable robustness measure [Ref. 8] or minimizing a particular
quadratic cost function [Ref. 9] for example, is not unique. This non uniqueness of
solution ideally allows the mulitivariable controller design problem to be formulated for
solution by numerical optimization techniques.

Exploiting the specification of the cigenvectors of a MWIMO closed loop svstem
via numerical optimization techniques is the prime motivation of this research. Results
include the following.

a. Ant interactive algorithm for eigenstructure synthesis and analysis of MIMO
systems.

b. An analysis of both left and right eigenspaces as geometric_interpretations of
algebrai¢ restrictions on closéd loop eigenvector specification published
previously, and

¢. A new_ application of ejéenstructur_e assignment to reconfiguring digital flight
controllers for a class of damaged flight control systems.

Subsequent to a discussion of previous reported research in eigenstructure
assignment, a new matrix treatment of eigenstructure theory is presented. This is
followed by a description of the numerical optimization techniques used for designing
particular multivariable controllers. Applications of these numerical techniques to
design of various robust decoupling controllers are then shown. The latter part will
present the theoretical framework of a new application of eigenstructure assignment to
the synthesis of reconfigured digital flight controllers. The thesis will then conclude
with reconfigured solutions for specific classes of damage to the F-18 tactical aircraft.
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I1. BACKGROUND

The following state variable equations define the linear time invarant system
used throughout this thesis for the continuous time domain. The state, output, and
control equations are,

X = Ax + Bu + G16 (eqn 2.1)
y = Cx + Du (eqn 2.2)
u=Fy + G, (eqn 2.3)

where each vector is defined as elements of the following vector spaces,

xXeR" (eqn 2.4)
ye R’ (eqn 2.5)
ue ™ (eqn 2.6)
de R (eqn 2.7)

The individual system matrices are defined as follows,
A = n x n plant matrix

B = n x m control matrix
Gl = n x ¢ feed forward command state matrix

C = /X n output matrix

D = [ x m feed forward output matrix

13
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F = m x [ feedback gain matrix
G, = mx ¢ feed forward command input matrix

The flexibility afforded by eigenstructure assignment to design of linear time
invariant MIMO state feedback controllers has been well documented since the mid
1970’'s. Moore [Ref. 10] defined this flexibility of design bevond specification of closed
loop eigenvaiues in terms of allowuble sets of closed loop eigenvectors for systems with
distinct eigenvalues. In addition, he demonstrated that for those eigenvalues which
were invariant under state feedback (uncontrollable), design freedom of eigenvector
specification still existed without rigorous constraints. During the same research
period, Srinathkumar [Ref. 11] showed that for controllable systems with n states and m
inputs, n closed loop eigenvalues and ‘m x n’ elements of the corresponding eigenvector
matrix may be arbitrarily specified. A key additional constraint is that no more then
‘m’ elements of each individual eigenvector may be specified simultaneously. Klein and
Moore [Ref. 12] extended the results of Moore [Ref. 10] to include svstems with a given
set of non-distinct eigenvalues. The algorithm presented by these researchers enables a
designer to invoke an allowable closed loop Jordan eigenstructure via state feedback.

For MIMO systems emploving output feedback, Srinathkumar [Ref. 13] presented
an eigenstructure design theorem that has become a foundation for many researchers
engaged in analysis of such MIMO systems. Restated here,

Jor systems with ‘m’ inputs and 'V outputs, max (mJ) closed loop eigenvalues
can be specified and max (m,l) eigenvectors or reciprocal vectors by duality

can be partially assigned with min (m,l) elements of each eigenvector specified.

As the analytical treatment of eigenstructure assignment became familiar,
subsequent workers began to explore applications to some existing design problems.
Two examples are noted. Sebakhy and Abdel - Moneium [Ref. 14] presented an
algorithm for computing state feedback gains which invoked minimum time responses
(deadbeat controllers) for multivariable linear discrete time svstems which
simultaneously allowed the designer flexibility in selecting the closed loop eigenvectors.
Klein ([Ref. 15] provided guidelines for constructing state feedback decoupling
controllers which are robust to small perturbations by means of an eigenvector
approach. Noteworthy in this work is the use of geometrical interpretations [Ref. 16]
to analysis of the allowable closed loop design space as functions of open loop
parameters.

14
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Andry, Shapiro and Chung [Ref. 17] extended the analytical work in
\ eigenstructure assignment by investigating the constrained output feedback case. By
; assigning fixed zeroes to specified feedback gain elements, they noted that engineering
g flexibility is gained by the designer in terms of being able to compute a spectrum of
o satisfactory controllers. This enables one to compare the entire range of controllers

¢ (full state feedback through constrained output feedback) with respect to performance,
' cost, and reliability.

Magni and Herail |Ref. 18] presented methods which invoke disturbance
N decoupling via output feedback. These researchers used the design freedom of
h eigenvector specification to minimize the norm of the transfer matrix between the
particular disturbance and the controlled state variables. This in effect attenuated the
particular disturbance in the resulting system response. They applied these results to
an aircraft gust alleviation (1 - cosine) problem with some success.

s A

Eastman and Bossi [Ref. 19] gereralized the linear quadratic gaussian eigenvalue
- placement technique of Solheim [Ref. 20] to include specification of the allowable

. closed loop eigenvectors. An iterative algorithm, eigenvector specification was
N accomplished by manipulating the geometric structure of the Ricatti matrix at each
N iterative stage.

Numerical methods for computing robust state feedback gains as explicit
functions of the closed loop eigenstructure were presented by Kautsky, Nichols, and
Van Dooren [Ref. 21]. Noteworthy in this work is the exploitation of an established
matrix factorization, the singular value decomposition (S¥D) [Ref. 22). Through the
use of SVD these authors arrived at an expression for full state feedback gains as an
explicit function of the closed loop eigenstructure. In this thesis, an extension of their
: analysis to the output feedback case involving the closed loop left (or dual)
" eigenvectors will be presented.

Of the several analytical works which focus on eigenstructure assignment for
linear dynamic systems, mention should be made of the paper by Sobel and Shapiro
< [Refs. 23,24]. A two part work, Part 1 [Ref. 23] presents eigenstructure assignment
A theory in a tutorial fashion. Part Il [Ref. 24] presents informative applications to flight

control design via output and constrained output feedback controllers which were to
meet specified modal structures.

\
J
§ Several recent authors have continued the research of applying eigenstructure
Y assignment theory to linear state feedback design. Mielke, Carraway, and Marefat
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[Ref. 25] presented an interactive design algorithm using the classic results of
Srinathkumar [Ref. 13] and [Ref. 10] while Liebst and Garrad [Ref. 26] applied the
work of Andry, et. al. [Ref. 17] to aircraft flutter control and gust alleviation problems.

White and Speyer [Ref. 27] presented innovative results of the application of
eigenstructure assignment to failure detection filters, a type of observer.

Recent analytical research in eigenstructure theory has centered on subspace
characterizations of the allowable sets of closed loop eigenvectors. Fletcher. Kautsky,
Kolka, and Nichols [Ref. 28] arrived at explicit expressions of feedback gains as
functions of right and left eigenstructures. This paper provided the initial motivation
to examine the increased eigenvector constraints imposed by output feedback in terms
of the dual constraints on the allowable left eigenvectors. Sogaard-Anderson,
Trostmann, and Conrad [Ref. 29] characterized the sets of allowable right and left
eigenvector sets in terms of residual subspaces defined by the matrix residuals
associated with the desired closed loop eigenvalues. This work however, did not
explicitly examine the left eigenvector sets as members of a particular subspace. This
thesis will examine such a membership.

In this thesis, research objectives were accomplished in two phases. The initial
phase concentrated on the coding of an interactive eigenstructure design algorithm
(EIGENS) for linear dynamic systems with no restrictions as to state or output
feedback [Ref. 30]. Applications of the algori:hm to design of robust decoupling
controllers were successfully performed on the CH-47 helicopter. Further application
to design of a decoupling output controller for the L-1011 transport was also
accomplished through execution of the EIGENS algorithm. The latter phase of the
research entailed developing geometrical interpretations of the restrictions of choosing
allowable right and left eigenvectors, innovating a new application of eigenstructure
assignment to reconfiguring digital flight controllers, and an application of this new
concept to the F/A-18 tactical aircraft. Let us now turn to developing the necessary
eigenstructure theory for linear dynamic systems for use throughout the thesis.
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III. EIGENSTRUCTURE THEORY FOR LINEAR TIME INVARIANT
SYSTEMS

A. PRELIMINARIES
1. The Singular Value Decomposition
Matrix and vector notation used throughout this thesis is noted :n

APPENDIX A. The matrix singular value decomposition and the matrix pseudo -
inverse are reviewed below.

Consider a matrix B, where B eZZ™™™. The singular value decomposition
(SVD) of B is defined as [Ref. 22],

B =LV, I (eqn 3.1)

where U, and VbT are orthogonal matrices of order n and m respectively. The matrix
Z, is a diagonal matrix of the singular values of the matrix B.

Iy = diag(cl,cz.....cp) (eqn 3.2)

where p is min(n,m).

Additionally, the singular values, 6,, are commonly defined in terms of the
spectrum of BB! such that,

6(B) = +/A(BBT) (eqn 3.3)

In the arguments which arise in this thesis, the following block form of
equation 3.1 will be used extensively for full rank matrices where n 2 m.

B = {U,, Uy} Z (eqn 3.4)
1]
where ® denotes a null matrix and Z, is defined by
=y vl .
Z, = LV, (eqn 3.5)
17
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Since it is assumed that B is of full rank, note that Zb is now a square mxm

matrix where the null blocks of equation 3.2 have been disregarded. In all the
following discussions, L, will be assumed to be square. The linear space dimensions of
the block matrices are shown below.

C,, € &M (eqn 3.6)
Ubl € @nx(n-m) (eqn 37
Z e Rmxm (eqn 3.8)
P e p(n-m)xm (eqn 3.9)

Note that for non - singular square matrices, Uy, does not exist and equation

3.4 reduces to
B = szb = L'boZb (eqn 3.10)

Useful identities associated with the matrix singular value decomposition are

noted below.
6,2..6>6.,,=..=0 (eqn 3.11)

where r = rank(B).

¢,(B) = 6,.(B) (eqn 3.12)

or(B) = cmm(B) (eqn 3.13)

IBli, = ¢,(B) (eqn 3.14)
18
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For square matrices, where B € RN the two norm condition number of the
matrix B, Kz(B). is defined as,

e S

-
. -

;: K,(B)=0,(B)/c,(B) (eqn 3.15)
X
]
b 2. The Matrix Pseudo Inverse
‘. The matrix pseudo inverse. often referred to as the generalized inverse. is
z defined in the least squares sense in the following way. For the matrix B € 2™, the
: pseudo inverse, B+, is the unique Frobenius-norm solution to,
' min || BBT - [ Il F (eqn 3.16)
) Additionally, B* satisfies the classic Moore - Penrose conditions,
X
BB*B = B (eqn 3.17)
B*BBY =B7 (eqn 3.18)
?
, +\T - g+
4 (BB")' = B"B (eqn 3.19)
.
P @B*B)T =B*B (eqn 3.20)
In this thesis, the singular value decomposition will be used to define the
:: matrix pseudo inverse in the following way [Ref. 31].
B* = v, 5, lu, T (eqn 3.21)
', where,
Bt e gmxn (eqn 3.22)
o
>
»
f
: 19
[
a
;‘{a‘vf.;l{#,;f"l‘«,;f{-f N L RN AN SN X NN MN




ey

AL

LA G Yy

53

=,

-
-

L A

- &

- v

N A R RS LS L S R AR T C O SRR TR R SOy \-.“.
N LAl n) v Balal

It can be shown that equation 3.22 satisfies the Moore - Penrose conditions.

Proof of equality for equation 3.17 is shown below. Substituting the expression from
equation 3.21 into equation 3.17 yields,

+ . i N
Since.
v Iv, =1 (eqn 3.24)
and,
Ubo 'Ubo = Im (eqn 3.25)

then equation 3.23 reduces to,

BBYB = Uy I, (I )T, 11 EV, T (eqn 3.26)
or,
BBTB =L, L Ll v,T (eqn 3.27)
Further, since
LIl =1, (eqn 3.28)

then one has the final result,

BB¥B = Uy L, V,] = B (eqn 3.29)
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THE GENERALIZED FEEDBACK EXPRESSION FOR LINEAR TIME
INVARIANT SYSTEMS

Kautsky, Nichols, and Van Dooren [Ref. 21] published the development of an
expression for state feedback gains as an explicit function of a desired closed loop
eigenstructure. The following general derivation follows closely that of Kautsky et.al.
by expanding their results to include the output feedback case. Generalized in this
thesis is interpreted to include output feedba k with the existence of feed forward loops
in the svstem. Full state feedback or output feedback without feed forward then
become specific cases of the final expression.

Consider the linear MIMO system comprised of n states, m inputs, and | outputs
with output feedback,

X = Ax + Bu (eqn 3.30)
v =Cx + Du (eqn 3.31)
u = Fy (eqn 3.32)

The classical eigenvalue placement problem written in vector form arises from
combining equations 3.30, 3.31, and 3.32 in the following fashion. Combining
equations 3.31 and 3.32 yields,

u= FCx + FDu (eqn 3.33)
and rearranging yields,
(I, - FDju = FCx (eqn 3.34)

Assuming (I_ - FD) is not singular one pre multiplies equation 3.34 by (I, -
FD)! yielding,

u=(I_-FD)!FCx (eqn 3.35)
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N
; Substituting equation 3.35 into equation 3.30, one has
;'4 .
"" x = Ax + B{(I_ - FDy''FC}x (eqn 3.36)
D
:. Upon application of an appropriate similarity transformation, equation 3.36 may
E;: be written in terms of the closed loop system eigenvectors, X;, and eigenvalues. A
o
' [Ref. 21, as follows,
-
v
-
hx = Ax + B{(I_ - FD)'IFC} x, (eqn 3.37)
3
i In matrix form, equation 3.37 becomes,
f_\
”. xax'l = a + B(1_-FDylFC (eqn 2.38)
-
where A is the diagonal matrix of closed loop eigenvalues and it is implicitly assumed
>, that the eigenvector matrix, X, is composed of linearly independent columns.
" Subtracting A from both sides of equation 3.38 yields.
s
5 B(I_ - FDylFC = xax'!. a (eqn 3.39)
)
*
>, Now by exploiting the singular value decompositions of B and C where,
>
v T
” B =Upo=,Vy = Lol (eqn 3.40)
&
4 and.
| = -y T = ’ 4
C=UCZIV, L.Z. (eqn 3.41)
N
~. equation 3.39 becomes,
Y
g
. legs = -1 ,
< UhoZp(ly - FD)'FU Z = XAX™" - A (eqn 3.42)
“w
:-C Appropriate pre and post matrix multiplication of equation 3.42 vields,
L
. (_-FDylF = z e, Txax!.az te T (eqn 3.43)
L'/
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and an additional pre matrix multiplication of equation 3.43 by by (I - FD) results in,
F=(_-FDiz,”lu, Txaxt.az e T (eqn 3.44)
Let us now define the eigenstructure matrix L, as,
L= Xaxt. reqn 3.45)
Rearranging equation 3.44 with the substitution of equation 3.45 vields.
F+ FDZy U Lzt D = zp e Tz le )T (eqn 3.46)
Now define Q as,
Q=1z v, Ttz e T (eqn 3.47)
Then equation 3.46 becomes,
Fi, +DQ =Q (eqn 3.48)
and appropriate post matrix multiplication of 3.48 yields the following general

expression for the least square output feedback gain matrix, F, as a function of a
desired closed loop eigenstructure, xax-l,

F=Ql_ + DQ)'1 (eqn 3.49)

Note that the right hand side of equation 3.49 is a function of the pseudo
inverses of B and CT expressed in equation 3.47 . The feedback gain matrix, F,
therefore is computed based on these least square solutions. As such, F will invoke the
desired closed loop eigenstructure X and A. in the least square sense. For systems
where the number of states, inputs, and outputs are identical, then the solution
becomes exact. As the number of inputs and outputs vary, then the solution becomes
inexact by the nature of the pseudo inverse. This is a numerical interpretation of the

classic restrictions on the desired eigenstructure presented by Srinathkumar [Ref. 11].
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; A proof of this result using the matrix equations presented in this thesis is shown in

> Appendix B. Equation 3.49 is therefore more correctly termed the least square solution

>

i for the feedback gains, F. It is this solution which was used for the results presented in
this thesis.

L Up to this point, no restrictions have been placed on the desired right eigenvector

) matrix, X, other than the right eigenvectors must form a linearly independent set.

" Additional restrictions on the right eigenvectors are shown in the {oilowing
development. Rewriting equation 3.39 in block form yields.

. - - - = -1 20

N (., Lbl][zb] (1_-FD)"'FC = xax!-a (eqn 3.50)

> (4

Pre multiplying both sides of 3.50 by, {U, L’bl}T one has,

:l

o, . S R | -

~ z) - Dy lre =L, Tqxa xt. A feqn 3.31)

>

b

. - T

N L4 bl

.?_: Upon multplying equation 3.51 by -1, one has the following relationship

-:.' resulting from the lower block.

b >

- ® = U, [(A-xAX)) (eqn 3.52)

* .

N Equation 3.52 is the matrix relationship [Ref. 21} from which the subspace constraint

: on each right eigenvector may be obtained. This subspace constraint 1s repeated

. below,

b/,

2 T

E; x, € N{U, "(A- 11 (eqn 3.53)

! where N denotes null space. Equation 3.53 is the onlv subspace restriction on the

desired linearly independent right eigenvectors for the full state feedback case.

x The dimension, d( ), of this particular subspace hereafter referred to as the right
eigenspace, can be defined in the following way. Denoting Ker P as the kernel or null

< space and Im P as the image or range space of a mapping operator P; one has the

7 identity [Ref. 16]

.s

' d(X) = d(Ker P} + d(Im P) (eqn 3.54)
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where Im P = PX. In this case, X is the n - dimensional state space spanned by the
linearly independent right eigenvectors. Solving equation 3.54 for d(Ker P), one has,

d(KerP) = n-d(ImP) (eqn 3.55)

Since d(Im P) is also defined as the rank of P, one may rewrite equation 3.33 as.

d(Ker P) = n - rank(P) (eqn 3.36)

Substituting the right eigenspace operator for P now results in a definition for the
dimension of the right eigenspace,

d(Ker{Uyp; T(A - 5I))) = n- rank{Up, T(A - A1) (eqn 3.56)

and since,
rank{U,, (A - A1)} = n-m (eqn 3.58)
for full rank control (rank(B) = m) matrices, one has the following result,
AN(U,, TA-LL ) =m (eqn 3.59)

where Ker has been replaced with the original notation for the null space operator, N.
Therefore, the allowable right eigenvector X, must be a member of an m
dimensional null subspace defined by equation 3.53 . Note further that for a rank
degenerate control matrix, B, the subspace likewise becomes dimensionally degenerate.
It will now be shown that in the presence of output feedback, an additional
restriction of the left eigenvectors results from a similar analysis. In order to show this
additional restriction, let us initially assume the feed forward matrix, D to be identically
null which is the case of output feedback without the addition of transmission or

blocking zeroes. There is no loss of generality with this assumption. In this case,
equation 3.48 reduces to,

F=Q=2z"y, Ttz !ty T (eqn 3.60)
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i3 and substituting the expression for L vields,

:‘

; F=zt Txax!.ayz e T (eqn 3.61)

- with the constraint that each right eigenvector is a member of a specific null space as
" expressed by equation 3.53 .

.4‘ Pausing brieflv, note that if one assumed all the states were available for

feedback. where the output matnx, C, becomes [ . equation 3.0l reduces to the

expression shown previousiv [Ref. 21},

5 F=2z v, Txaxl.a (eqn 3.62)
~ Comparing equations 3.62. 3.61. and 3.4S. one notes the increased cost in

'_i computing F when proceeding from full state feedback to output feedback with feed
o forward control.
Ler us now return to analvzing the impact of output feedback on the left
" eigenvectors by transposing equation 3.38 with D identically null,
% .CTFTRT = AT.x-TaTxT (eqn 3.63)
o
E
"N Factorization of CT via singular value decomposition yields,
s
. . , TpT = AT _x-TATT
. ‘Ceto CartllEctVe 1 F'B = AT -XT7A'X (eqn 3.64)
- o
Pre matrix multiplication of equation 3.63 by (U, L-ctl}T vields,
e
~’ . - i -
4 L Vo ETBT = TYAT - xTaTxT) (eqn 3.65)
A . T
o P Ul
2 and from the lower block of equation 3.65,
3
3 o(FBT) = @ = U (AT - xTaTxT) (eqn 3.66)
R 26 |
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‘: Now using the following definition [Ref. 22] of the left eigenvector matrix, T,
p

T=xT (eqn 3.67)
; ‘ equation 3.66 becomes,
B

[y

" ® = U (AT -TaATTD (eqn 3.68)
‘4.'

and since,

3

~ T

h A=A (eqn 3.69)
s the final matrix expression for equation equation 3.66 becomes,

N

‘

‘ ® = U, (AT - TAT]) (eqn 3.70)
.; Post multiplying equation 3.70 by T vields,

N

* ®T = U, (ATT- TA) (eqn 3.71)
\‘
B and in vector form,
N
: (0} = Uggy AT - A1), (eqn 3.72)
-

< and hence for the output feedback case, the ith left eigenvector must be a member of
'; the following null space,
s t € N{Uy (AT -1 1)) (eqn 3.73)
k)
h It can be similarly shown that the dimension of this space, defined as the left

eigenspace, is,

p TaT
& d(N(U (AT -} =1 (eqn 3.74)
5

) when the output matrix C is full rank.

N
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) To summarize for the output feedback case without feed forward control, the
;:2 feedback gain matrix, F, is explicitly defined by equation 3.61 with equations 3.53 and
' 3.73 placing constraints on the right and left eigenvectors respectively. Additionally
:E:: note that for the full state feedback case where C = I , there is no restriction on the .
i:' left eigenvector, t, since U, does not exist and any left vector would satisfy equation
:‘:. 3.71 . Similarly note that for the full state feedback case where rank(B) is n, or for the )
_ system with n inputs, there is also no subspace constraint on the right eigenvector.
] : Therefore for the full state feedback case where m = n, one can choose any n linearly
i independent set of closed loop right eigenvectors for the desired closed loop modal
o structure.
One now has at their disposal, constrained explicit expressions for calculating
N static feedback gains which invoke a desired closed loop eigenstructure in the least
E square sense. Table 1 summarizes the expressions for the feedback gains along with
_'; appropriate eigenvector constraints for each feedback scheme.
3
P TABLE 1
\’

FEEDBACK EXPRESSIONS AND EIGENVECTOR CONSTRAINTS
Full State Feedback
= <1y T -1 ’
st = Zb Lb_% (XAX ' - A) H

“I .‘l #.'l‘

Output Feedback without Feedforward Control Loop

L
e = 7 -1 T -1 - T

2 Fop = Zy 'Ly (XTAX -A)Z. U

o e N{U (AT - NI}

Output Feedback with Feedforward Control Loop
N = -1

2 Foif = Fofll;m + DFgp)

-y x; € N{Up, (A - 31))

A . .r T

- e N{Uq (AT - M)

{-
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I As a preface to the ensuing discussion, let us examine the numerical and linear
N space definitions of the term null space. Null space membership, as previously defined
by equation 3.52 for example, will not be exactly satisfied due to finite precision

arithmetic and system modelling uncertainty. Defining a null vector as € and a null
N matrix as E, where

i
I\
1 lell, < <1 (eqn 3.75)
'Y
::n
Q.|
R o(E) << 1 (eqn 3.76)
:g‘
- allows one to more clearly define numerical null space membership. Therefore, let us
-2 account for computational precision by defining the right and left null vectors, £; and
i g;; as follows.
i
. €. = Uy (A -MI)x (eqn 3.77)
o ri bl i'n’ Y an .
5= U VAT - A1)ty (eqn 3.78)

Further, assume these vectors span respective right and left null spaces,

SR =

w E = (& &2 &) (eqn 3.79)
)
"
¥,
N
E = e e g} (eqn 3.80)
1"
N’
s where,
.|
"W
L)
E, © gpn-rank(B) (eqn 3.81)
v
-
W
2!
& T
: E ggn-rank(C ") (eqn 3.82)
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Finally note that for full rank B and CT matrices, the dimensions of the right and
left null spaces are therefore,

kY dE)=n-m=p (eqn 3.83)

t g

@ AE) =n-i=gq {eqn 3.84)

ot
X These dimensional definitions are used in the following discussion to more clearly
% define the algebraic constraints on the allowable eigenstructure. Let us now continue
2 with such a discussion.

) C. RIGHT AND LEFT EIGENSPACE: A GEOMETRIC INTERPRETATION

"E The algebraic subspace constraints noted previously can be difficult to envision
' for large order systems. In addition, the added restrictions on the allowable right
' and/or left eigenvectors as one progresses from the full state feedback - full rank
z control matrix system to a constrained output feedback - rank degenerate control or
o output case has intuitive geometrical properties. It is the geometrical implications
- imposed by the algebraic constraints which motivate, in part, the following geometrical
" analysis.

s The lattice diagram [Ref. 16] has proved to be a useful device to depict
f‘ geometrical relationships between linear vector spaces. The following geometrical
. relationships are implied by Figure 3.1.

:; ErP c RAM cxn (eqn 3.85)

N

W

:' d(EP) < d(&™) < d(XM) (eqn 3.86)

)y

b

5 where the symbol € denotes subspace. Equation 3.86 states formally that the
dimension of 2™ is less than the dimension of X™ and the dimension of EP is less
L. than that of 2™,

%
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Let us now assume, that X represents the state space of a controllable linear
time invariant system such that,

=M+ R+ .. R™ (eqn 3.87)

As there are non-unique state variable representations for a linear time invariant
svstem, there mav be several linearlv independent eigenvector sets which are abie to
span the state space. However if a vector is chosen {rom each of the m-dimensional
spaces @im to form spanning sets, one has selected particular eigenvectors which are
associated with particular eigenvalues. [t is this selection process which will be invoked
by the feedback gain equations of Table I.

Assume further that for each subspace, .%im, there exists a mapping operator,

N, which maps a vector from ;™ into ¢ P

i i 2 numerical null vector.

erip = \n‘{l (an .88)

Further assume that any p of these null vectors span a right null space, Erp,
where,

EP = (¢ P srzp amp} (eqn 3.89)
where equation 3.89 has included all n right null vectors.

The subsequent lattice diagram. denoted as the Right State Space Lattice is
shown in Figure 3.2.

Clearly, N ; can be taken to be the right nuil space operator defined previously
as,

Ny = Uy TAa- A1) (eqn 3.90)

and Figure 3.2 geometrically depicts the right eigenspace constraints posed by state
feedback. The dual or left state space lattice is similarly constructed and is shown in
Figure 3.3.

The final tool in constructing the total lattice diagram is to geometrically link the
relationship between Figures 3.2 and 3.3. Let us define an operator P, such that,

3
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p=xTxl (eqn 3.91)

Therefore, P maps the right eigenvector matrix, X, into the left eigenvector
matrix, T, as follows,

T =PX = XIxIx (eqn 3.92)

and one mav now map the allowable n right eigenvectors into their dual left
elgenvector space.
Likewise, we desire to develop an operator which will map the right null vectors
represented by equation 3.89 into their dual left null space vectors represented by E,.
For each ith null vector, one would then have,

1°11 €4

i (eqn 3.93)

In terms of the ith right and left eigenvector, equation 3.93 becomes,
JN

¥ = Nlltl (eqn 3.94)

Let us now define a vector s; as the ith column of the I, identity matrix. One

may therefore write an expression for t; as follows,

t. = Ts; (eqn 3.95)

t, = PXs; = Px; (eqn 3.96)
and therefore equation 3.94 becomes,
INx = NPy, (eqn 3.97)

I

Solving for J; yields,

N Ji = (NiPxXNoxi) " (eqn 3.98)
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In order to verify that equation 3.98 is correct, one must show that J; indeed
maps £; into €.

Performing the mapping yields,

(fopxi)(Nrixi) + (Nn‘(l) (an 3.99)

-‘(-)+(N

Noting that (N _.x;

equation 3.99 yvieids.

%) is equal to scalar unity (1.0}, then the mapping of

NsPx;(1) = g (eqn 3.100)

and J; maps € into €;. In this way, one may map the 'n’ € null vectors into the
respective 'n’ left null vectors, €. One may now depict the total space lattice diagram
shown in Figure 3.4..

The geometrical constraints on the allowable right and left eigenvectors shown in
Figure 3.4 can be characterized as follows. The dimensions of the right and left null
spaces, E_ and E; are directly related to the rank of the null space operators N, and
N, For example, as the rank of N decreases, the dimension of E_ decreases. Since
the right eigenvector X; must be mapped into £ by Nri' the mapping becomes more
geometrically restrictive. In this way, an increasing geometric constraint is placed on
the right eigenvector x;. The dual is true for the left eigenvector t;. One may state the
geometrical constraints in the following way.

Lemma 3.1: The expressions of Table I explicitly define static feedback
gains which will invoke a closed loop right eigenstructure, XAXL iff the
right eigenvectors, X;, which reside in %im map into the right null space E_
via the respective null space operator N. The dual vectors, t

{ must
likewise reside in L;; and map into E; via N

The concept of right and left null spaces comes about when one numerically
converges on an allowable eigenvector by allowing the vector to rotate until the
respective null vector, €, becomes small. In this way one numerically converges on
eigenvectors which are members of .%im or .%il by minimizing a norm of €, or €. This
solution technique was used in this thesis and provided the prime motivation for these
geometrical discussions. Figure 3.4 has set the stage for geometrical analysis of all the
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feedback cases to be presented. Let us begin with the state feedback case as it is the
least restrictive with respect to allowable eigenstructure.
Case I: Full State Feedback (m = n)

In this case the diagram reduces to a single node for each eigenspace. There are
no restrictions on the desired vectors other than linear independence and the feedback
gains which will invoke such a closed loop structure are computed via equation 3.62 .

Cuse II: Full State Feedback (m < n)
For this case, one has an initial restriction on the right eigenvectors but none on the
left. Therefore the total lattice diagram consists of Figure 3.5 with suhbspace inclusions
for the right eigenspace. Note the dimension of Erp defined previously by equation
3.83 . By comparing Figures 3.5 and 3.6, one notes the first level of restriction with
regard to the allowable closed loop eigenstructure.
Case III: Output Feedback (m = n, ! = n)

Case I1I is geometrically identical to Case I. The only restrictions are that the
desired closed loop right and left eigenvectors form a bi-orthogonal set. Figure 3.3
depicts the appropriate geometry.

Case IV: Output Feedback (m = n, 1< n)

For this case, the restrictions lie only with the left eigenvectors. The lattice
diagram is the dual of Figure 3.6 and is is shown in Figure 3.7.

This concludes the decoupled constraint cases and exemplifies the ease of
solution for the gain matrix which will invoke desired closed loop eigenstructures. The
coupled cases arise for systems emploving output feedback where both the number of
inputs and observations are less than the order of the state space.

Case V: Qutput Feedback (m < n.l < n.m = 1)

The lattice diagram for this case is constructed by linking Figures 3.6 and 3.7
with the mapping operator P and is depicted in Figure 3.8. Note from equations 3.83
and 3.84 that,

AE,) = d(E) (eqn 3.101)

and therefore, the null spaces are equidimensional.
Case VI: Output Feedback (m < n,1 < n,m < )
The lattice diagram of Figure 3.8 remains for the remaining cases. The subtle
distinction between Cases V and Case VI however, is that the dimensions of the left

and right null space are not identical. For this case,
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dE,) > d(E) (eqn 3.102)

which implies geometrically that the right eigenspace constraint is more easily satisfied
due to the higher dimension of the right null space.
Case VII: Output Feedback (m < n,l < n, 1 < m)
Case VII is the dual of Case VI, since

JdE) > dE) (eqn 3.103)

Equation 3.103 implies that the left eigenspace constraints are more easily satisfied
than those of the right eigenspace due to the higher dimension of the left null space.
This of course is the dual of Case VI in that the major computational expense will
involve converging on allowable right eigenvector sets. Cases VI and VII are clearly
computationaily more difficult to solve than the previous cases. The quantitative
interplay between the right and left eigenvector sets as functions of the open loop
parameters remains to be clearly formulated. The attempt here was to show the
qualitative interdependency by analyzing what was found to be true during the course
of the research. It will be shown later in this thesis using two specific examples of
Case VI. that the qualitative interpretations noted above are correct.

This concludes the theoretical treatment of eigenstructure assignment as
presented in this thesis. Prior to discussing some applications of the theory, let us
reexamine equations 3.77 and 3.78 As noted previously, null space membership of the
desired ciosed loop eigenvectors has been the central theme in much of the recent
discussion. One must, therefore, numerically devise a scheme which guarantees such
membership. In that the term null space implies convergence to a zero measure, a
candidate for such a scheme would clearly involve a minimization. Minimizing a norm
of the right null vector £; or left null vector &; for example, would guarantee such
convergence. The mechanics of such a minimization is the topic of the final chapter
prior to presenting results of applving eigenstructure assignment to some existing
control problems.

35

- "

- -
.'- - - -’- -{.‘-'1'0 'f'l » "l’\,
ﬁ .‘Q&\i\‘{."A""-"J ~ ) J"J"‘"i":'?.l.\n‘,\.‘:'L.-_‘ &




e

RALL -

| 4

e AT Ay

¢

."'-_ o0 -,_\'_\_ ¢

a"a’a"al

IL

P ¥

[ A M

Figure 3.1

Basic Larttice Diagram.
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Figure 3.4 Total Space Lattice Diagram.
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IV. NUMERICAL OPTIMIZATION

A. THE AUTOMATIC DESIGN SYNTHESIS (ADS) PROGRAM

The use of numerical optimization techniques as an engineering design tool has
matured with the advent of higher speed digital computers. [n tandem with this
growth has come the development of algorithms and design strategies [Ref. 32]
available for a wide variety of particular design tasks. Several numerical optimization
techniques and strategies are resident [Ref. 33] in compiled Fortran code for use at the
Naval Postgraduate School. In effect, the Automatic Design Synthesis code can be
used as a black box opumizer for a wide spectrum of disciplines. [t is not the purpose
here to discuss in detail all the numerical algorithms available through the ADS code,
but only to describe the general design philosophy of the optimizer and to overview the
particular strategies emploved during the course of the thesis research.

A general purpose code, ADS contains algorithms which are able to solve the
following general n-variable constrained minimization problem.

Minimize: F(X)
Subiject to:
gj( X) =0,j= I,m inequality constraints

hk(X) = 0,k = 1,1 equality constraints

<x;¥ , i = L,n side constraints

e S
where X = {X; X5 .. X }T is a design variable vector.

n
Convergence to a minimum value of the function F(X) without violation of the

constraint criterion in accomplished via the following iterative scheme,

x4+l = xa + mq’"sq+l (eqn 4.1)
where,
. -
:j q = iteration number
s.
> S9 = search direction vector
b uq' = scalar weight applied to the search direction
h::
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The user is afforded flexibility of further tailoring the optimization scheme by
being able to designate any of the following three components of the ADS
optimization algorithm;

a. Optimization strategies such as Sequential Unconstrained Minimization
Techniques (SUMT) or Augmented Lagrange Multiplier Methods which allow
the user to reformulate the objective function, F(X),

b. Search Direction computation methqlds such as conjugate and variable metric
first order methods which compute $™ and.

c. One dimensional search options such as Goiden Secuon or polvnonual
interpolation methods which determune the magnitude ot change in the design
variable during the nunimization.

As the ADS is designed to fulfill the general needs of a spectrum of engineering
disciplines, the level of user sophistication beyond correct interpretation of the cailing
arguments is not necessary. However, as is the case of using any library type code, one
must correctly formulate the objective function and clearly interpret the iterative results
of the ADS code. Due to the general nature of the objective function, this last
statement becomes increasingly important when little is known of the order or
continuity of the function in the region of interest. Two types of constrained
minimization problems were formulated for use during the research. Problem I was a
constrained minimization problem with side constraints only and Problem Il was a
constrained minimization with inequality and side constraints. Let us discuss the
strategies used for each of these two problems.

Problem I

A constrained minimization problem with side constraints mayv be posed as an
unconstrained minimization problem. By specifving bounds on the design variables
within a specified region during the course of an unconstrained minimization, one
implicitly invokes the side constrzints. The most efficient search direction method for
Problem I was found to be the Broyvden-Fletcher-Shanno-Goldfarb (BFGS) variable
metric method. This is a first order method in which the gradient information is
computed by ADS via finite difference calculations. Often called a quasi-Newton
method, the BFGS method computes the search direction, S9, as follows,

S9 = . HVF(XY) (eqn 4.2)

where VF(XY) is the ADS computed finite difference gradient at the gtk step and H is

an iteratively computed matrix which orients the search direction. Initially (q= 1) H 1<
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the identity matrix and therefore the initia] search direction is in the direction of
steepest descent. H is then updated after each iteration in the following way.

HAtl =HA + D (eqn 4.3)
where D is a symmetric matrix defined as,
D4 = (e+1)pp /0% + (Hiyp! + pHIV )0 (eqn 4.4)

The vectors p and y are defined by,
= x9.x4a-!
y = YF(XY) - vFxI-h
and ¢ and t are scalar vector products formed as follows,

t=yl Hiy
The one dimensional search routine used was the Golden Section method. As
this method is a one-variable algorithm, the single ”variable” for our purposes is the
vector, x; or t;. The advantages of the method include no requirement for F(X) to
have continuous derivatives and in addition the Golden Section has a known rate of
convergence. Among the disadvantages which impacts our purposes is that the Golden
Section assumes the objective function to be unimodal, or to have one minimum in the
region of search. If one has an objective function which for example has several local
minima, several solutions may exist depending on the bounds set on the design
variables. As will be shown subsequently, the minimization of the nuil vectors, €, and
was performed using the Problem I formulation.

€4

Problem Il
If one recasts the inequality constraint as a penalty function, P(X), where,

P(X) = Z{max(o,g]-(X))}z ,i= ln (eqn 4.5)

then one may also pose Problem Il as an unconstrained minimization problem in the

following way [Ref. 32]. By formii.g a pseudo-objective function, (D(X.rp).
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(D(X,rp) = F(X) + er(X) (eqn 4.6)

and by again bounding the design variables, one now has a Sequential Unconstrained
Minimization problem (SUMT) with an exterior penalty function, P(X). In equation
4.6, Tp is a scalar weighting applied to the penalty P(X).

Equation 4.6 is the formulation used in this thesis for such a minimization. The
search direction used for Problem [l was the Fletcher-Reeves {FR) conjugate method.
Like the BEGS method, the FR is a first-order method which is an improved steepest

descent algorithm. The search direction, SY for this method is defined as,

sd = . yF(X9) + quQ'l (eqn 4.7)

where,

By = ITE(XDIZvEXIh2 (eqn 4.8)
As in Problem I, the Golden Section method was used for the one-dimensional search
routine. Problems [ and Il were the ADS minimization strategies used during this

research. Thev will subsequently be referred to as such.

B. THE NUMERICAL OPTIMIZATION PROBLEM

The fundamental expressions for feedback gains noted in Table 1 involve
eigenvector constraints written in terms of null space membership. Further, when these
null space constraints are expressed numerically, they take the form of equations 3.77
and 3.78 . The numerical objective than becomes one of minimizing some measure of
the right and or left null vector which satisfies such a numerical null space membership.
For the right eigenvector, one might write such a numerical objective as an objective

function expressed in terms of a euclidean distance measure,
F(X) = [Ty 1A - Mipxll, = leglh, (eqn 4.9)
where [|€]|5 is the euclidean distance between the allowable subspace defined by the

desired closed loop eigenvalue, )‘i » and the desired right eigenvector, X, . As the system

is time invariant, the design freedom, or variables, would be all (unconstrained
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minimization) or some (constrained minimization) of the right eigenvector elements
and not the open loop parameters.
1. State Feedback Controller Synthesis
For purposes of illustration, let us assume one is synthesizing a state feedback
regulator where there are n = four states and m = two inputs. Further, one desires the
following closed loop eigenvector, X, to be associated with the closed loop eigenvalue.
A

i

x, = {x, 0 x, 0}T (eqn 4.10)
where X, and X; are unconstrained and may take on any numerical value. The
constrained values, noted by the zeroes in elements two and four, are desired, for
example. in order to satisfy a decoupling specification. Mathematically, this is a

constrained minimization problem and may be stated in the following way,

Minimize: F(x)
where,
F(x) = IUp LA - M) Iy = llegll;
Subject to:
Xy = 0
Xy = 0

For real A,, this is a four variable constrained minimization problem with two
side constraints. By bounding the design space (x5 = x4 = 0), this becomes a Problem
I formulation. In terms of real cost, this particular synthesis problem would entail '’
such Problem I minimizations before a feedback solution is computed. The side
constraints may also differ from vector to vector. Note further that for systems with
complex eigenvalues, the computational cost would decrease since one may employ the
necessary conjugate condition for the associated complex eigenvector. At this point,
the minimization problem can be executed, the resulting eigenvectors are checked for
independence, and the feedback controller can be synthesised. A robust decoupling
controller for the CH-47 helicopter was synthesised by this method. Results will be
shown in Chapter VI.
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2. Output Feedback Controller Synthesis
Let us now assume we must synthesize an output feedback controller with

four states, two inputs, and / = 3 outputs. Computational cost is increased by the
output feedback requirement since in addition to the right eigenvector constrained
minimization problem, one of course must also satisfv the left eigenvector constraint.
One may pose this svnthesis problem in a variety of ways. The following scheme was
successfully formulated during the research reported in this thesis.

a. Converge on 'n’ right eigenvectors by solving ‘'n’ Problem | minimizations.

b. Compute the following right residual sum,

RES, = Z"flrillz ,1=l.n (eqn 4.11)

¢. Compute the corresponding left eigenvectors, t;, by the identity,

T=xT (eqn 4.12)

d. Compute the ‘n’ left null vectors, €; via equation 3.78 and compute the
following left residual sum,

RES; = Yliggllp i = L,n (eqn 4.13)

e. Convergence criteria is now tested as the sum of the right and left residual
sums,

RX,T) = Y(lleglly + lleglls} < p (eqn 4.14)

Since the right residual sum is satisfied initially, the left residual sum will likely
be out of tolerance The design freedom here is to allow the right eigenvectors to vary
in order to satisfy the left residual. Convergence is then obtained by returning to Step
B.2.b. subsequent to allowing the right eigenvector elements to change so as to
minimize the left residual sum. [n this way R(X,T) will be at or below a specified
tolerance p. This method is termed the indirect method since the left eigenvector
constraints are being satisfied by allowing the corresponding right eigenvectors to
change their orientation.
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One may state the output feedback constrained minimization via the indirect
method as a Problem I formulation as follows.

Minimize: R(X,T)

where,
RX.T) = Y (Wl ll, + Willeglls)
Subject to:
Yower = Xij = Xypper
Where.

X = Right Eigenvector Matrix
T = Left Eigenvector Matrix
W., W, = Scalar weighting applied to the residual sums

The indirect method for the output feedback case can become computationally
inefficient for systems of high order. For example, a tenth order system with complex
eigenstructure will contain twenty design variables per closed loop eigenvalue and
require a tenth order complex matrix inversion during each execution of step B.2.c.
Hence for large order systems, the output feedback synthesis scheme is modified in the
following way. Steps B.2.a. - B.2.d. remain the same however step B.2.e. becomes a

left eigenvector minimization problem in the form of Problem I.

Minimize: G(t;)
where,
G(t) = Uy TAT - A1) 1,
Subject to:

<
Yower = t upper

Upon convergence to an allowable t;, the right null vectors are then computed
to check if the right eigenvectors have been oriented out of the allowable right
eigenspace. After several such iterations, one begins to adaptively learn the behaviour
of the system and through interactive computer execution, one will converge on a final
solution. This technique was successfully performed on an F’'A-18 dynamic model.

Note that an advantage of the indirect method is that one can exercise control
on the bounds of the design variables through the scalar weightings W, and W, and
therefore exercise some limits on the orientation matching.
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3. A Robust State Feedback Controller Synthesis
For multi-variable control systems, the minimum singular value of the return
difference matrix [Ref. 34] can be used as a robustness criterion,

t‘S'm(Im + FG) 2 a (eqn 4.15)

where G = C(sl - AY'!B. Ifa = 1. then the feedback gains, F, in equation 4.15 mav

be considered quasi-optimal since 6., 2 | lor opumal state teedback controilers "vhen

TR I TR, e

the input weighting matrix is the identity matrix [Ref. 35}. By subtracting @ from both

sides of equation 4.13, one formulates a new objective function K(X), where,
K(X) = 6y * FG)-a (eqn 4.16)
Substituting the state feedback expression for F from Table 1 vields

K(X) = 611y = Zy ', [Xax - A)G) - a (eqn 4.171

Successful minimization of K(X) with the constraints (gj) that each desired
right eigenvector be a member of the allowable subspace invoked by the desired closed
loop ecigenvaiue will result in a robust quasi-optimal state feedback controller. The
uniqueness of this formulation is that one can numerically svnthesize an optimal state
feedback controller with eigenstructure specification. This technique successfully
designed a quasi-optimal decoupling controller for the CH-47 and will also be
presented in Chapter VI.

4. Feedback Controller Synthesis via Eigenvalue Shifting

In B.1 and B.2 above, the design variables are the eigenvector elements as the
closed loop eigenvalue remains fixed. One may recast the objective function by
allowing the eigenvalue, }‘i' to assume the role as the design variable while maintaining
the eigenvector elements fixed. In this way, the feedback synthesis via eigenvalue

shifting takes the form of the following minimization problem.

Minimize H(,)

where,
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HL) = Uy, 1A - ML
P-. Subject to:

real lower bound < Real(ki) < real upper bound

-
A

imag lower bound < Imag(};) < imag upper bound

T,

This is of course a Problem | minimization with only *wo design variables per

each of the ‘'n’ iterations. An advantage of this method is clearly one or computational
cost. A disadvantage is that one might sacrifice modal damping and natural frequency

at the expense of maintaining a desired eigenvector structure.

AEARALS

This concludes the framework for eigenstructure analysis and synthesis via
specific numerical optimization strategies. Let us now turn to a discusssion of the

N algorithm which formulates the theory presented in Chapters I1I and IV.
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V. EIGENS: AN INTERACTIVE DESIGN ALGORITHM

A. DESIGN PHILOSOPHY

The EIGENS program is an interactive Fortran algorithm designed for complex
eigenstructure synthesis of svstems up to tenth order. The tenth order limitation is
casily modified for systems of higher order by increasing the arrav sizes for all matrices
in the program. Throughout the development of the program, interactive coding was
used extensively not only for on line debugging but also due to the iterative nature of
numerical optimization. In addition, by the verv nature of eigenstructure assignment,
user familiarity with the system structure and subsequent interaction is a necessary
ingredient for a converged solution of feedback gains.

In that the program developed as a research-learning program over the period of
the thesis research, some of the earlier synthesis routines such as the Moore-Matrix and
Moore-Algebraic solutions, were never used for the results presented in this thesis.
They were written carly on to gain an understanding of the classical results presented
by Moore [Ref. 10] and were never exercised subsequent to coding the theorv presented
in Chapter III. All of the results presented in this thesis were computed based on the
theory of Chapter I11.

The basic input data beyond the necessary open loop parameters include a
desired closed loop eigenstructure. User verification of this data is by means of visual
display of the data. A verification data file is also written for future reference by the
user. Controllability checks of the open loop eigenvalues are then displaved to the
user. Beyond these checks, the program relys on the user for guidance during the
numerical synthesis portion. Some examples of the guidance needed are:

l. Upper and lower bounds on the arbitrary and specified right eigenvector
elements or eigenvalues (Problem I minimizafion),

2. Acceptance of the closed loop design based cn the null space residuals,
3. Number of iterations and values for p (Problem II minimization).

Thus the user becomes a required feedback loop in the synthesis process. This is
the basic philosophy of the EIGENS code. The user becomes more familiar with the
system as time progresses and subsequently becomes expert in the final structure of the
closed loop design. A description of the major routines of EIGENS follows.
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B. PROGRAM DESCRIPTION

As alluded to in previous section, there are two basic feedback gain solution
procedures coded in the program. The Moore-Matrix|Moore-Algebraic solutions are
limited to real systems where the number of outputs are greater than the number of
inputs (/> m). The Kautsky solution entails the theory presented in Chapter 11l and is
only limited by the tenth order requirement. Therefore. during the course of the
subsequent discussion, when reterence is made to tiie .Woore soiution, :t wiil be brief.

A note with regard to the Moore solutions must be made. For the solutions,
EIGENS requires the desired closed loop right eigenvectors to be input in the following
form.

v, = Cxi (eqn 5.1)

where C is the output matrix and x, is the desired closed loop right eigenvector.
(Presently v, must be input irrespective of using the Moore or Kautsky solutions).
Upon completion of the Moore routines, the subsequent closed loop eigenvectors are
then checked for linear independence. If the vectors are not independent, the user is
queried as to new values of v, in equation 5.1 for reentry into the Aloore routines.
Upon converging on an independent set of right eigenvectors, feedback gains, F, are
then computed. The reader is referred to [Ref. 10] for the details of this procedure.

The EIGENS Fortran listing is shown as Appendix C. Figure 5.1 depicts the
general flowchart for the EIGENS code and the reader is referred to Appendix C for
detailed analysis. In the discussion which follows, only the main program and those
subroutines which perform the feedback gain computations are described. Auxiliary
subroutines which perform such computations as complex singular value
decomposition (CSVD), complex matrix multiplication (CMAMTL), etc., will not be
discussed in detail. These auxiliary programs are masked to the user and are only
required for the execution of EIGENS. A description of the flowchart blocks is
discussed below. Notation for the number of states, inputs, and outputs is N, M, and
L respectively.

1. },ﬁoen completion of initializations, the data is read from File 01 as follows.

format statement numbers are designated by 'Xx’ for ease of description
and the read format is shown adjacent to each read statement statement).

READ(1,xx)TITLE (20A4)
READ(1,xx)N,M,L,IFEED (412)
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IFEED = 1 (State Feedback)

IFEED = 2 (Output Feedback)

IFEED = 3 (Output Feedback w/Feedfwd)
READ(1,xx}(A(1,J)J=1,N),I=1,N) (6F12.5)
READ(1,xx)}((B(1.J),J=1,M),I=1,N) (6F12.5)
READ(1,xx)}((C(I,J),J=1,N),I=L.L) (6F12.5)
IFTFEED = 1 or 2 SKIP TO READ EIGD
READ(1,xx)((D(1J),J=[,M),I=1,L) (6F12.5)
READ(1,xx)EIGD(I) (Desired C-Loop A;) (2F12.5)
READ(1,xx}E(J,I) (Desired Cxi) (2F12.5)
READ(1,xx)VDJ,I) (Desired X,) (2F12.5)

2.  The data 1s then displayed to the user for input verification.

After computing the open loop eigenvalues, the controllability of each &. is then
computed and displaved by a controllability flag. [f the controllabilitv flag
equals one, then the o?en loop eigenvalue can be shifted via state feedback. IT
the flag equals zero, then the o[.l)en loop eigenvalue is invariant under state
teedback. In this case the eigenvalue cannot be shifted.

4. Subsequent to the controllability computations, the user is then allowed to
change the desired closed loop éigenstructure only if the Moore solutions are
going to be invoked. The user must change File 01 to input a new desired
Closed loop eigenstructure if the Kaustky soldtion is to be used.

Select feedback gain solutions {Moore or Kautsky).

6. Display results.

As the Kautsky solution was used for the results presented here, this subroutine
will be discussed in detail. As a final discussion of the Moore solutions, note that in
Figure 5.1 these solutions are complete when the resulting right eigenvectors are
linearly independent. The resulting feedback gains are then computed, the user is

queried as to the necessity of a singular value analysis of the return difference matrix,

and the final design results are displayed. Let us now turn to the Kautsky solution
which is coded within the KVECT subroutine.

C. SUBROUTINE KVECT

Figure 5.2 depicts the flowchart for KVECT. Subsequent to initializations, the
SVD of B is performed and the necessary block matrices are computed. The
subroutine then performs 'n’ Problem I minimizations to construct the allowable right
eigenvector set nearest to the desired modal set. The user then has the option of
minimizing 6(I + FG) (Problem Il minimization) for the full state feedback case
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only. If output feedback synthesis is required (IFEED = 2 or 3) and the rank of C is
less than ‘'n’, KVECT then calls FEEDEF for further computations. Upon completion
of feedback gain computations, the code returns to the main program for display of
results and any further processing the user might desire.

D. SUBROUTINE FEEDEF

Figure 5.3 depicts the flow for the FEEDEF subroutine. Note that the user has
access to the Problem [ minimization process via designation of the scalar weightings
W, and W, Upon completion of the minimization and feedback gain calculations, the
program returns to KVECT.
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o (INPUT DATA]

'Q

!l * *

(DISPLAY [NPUT DAT4]

_.

R ]

2 (COMPUTE O-Loop EIGENVALUES & DISPLAY CONTROLLABILITY FLAGS |
Y
|.CHANGE DESIRED EIGENSTRUCTURE? |

\NO

LaliAm,

CHG XAX !4 [{No)— DISPLAY XA ",

[ DECIDE ON SOLUTION TECHNIQUE |

! V

' |MOORE SOLUTIONS | [ KAUTSKY SOLUTIONS |

P

B l——@-b INDEPENDENT? [CALL &vECT]
r. 1
& COMPUTE F

e Y
| SINGULAR VALUE ANALYSIS OF RETURN DIFFERENCE MATRIX? |

| —

' [ CALL SVA |- DISPLAY RESULTS =—END]

N

Z', - Figure 5.1 EIGENS General Flowchart.
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L0 5

{INITIALIZATION |

!

[ COMPUTE SVD of B |

!

[

| [CHOOSE ARBITRARY ELEMENTS OF x; |
|
DBJ =le,lls ]

|
L—{CALL ADS (PROBLEM [ MINIMIZATIOM |

—{IFEED = (.2, or 37 |

.

[COMPUTE F|  [CALL FEEDEF |

[DESIRE MIN OF o (RDM)? RTN TO MAIN

[CALL ADS (PROBLEM II MINIMIZATION) |

Figure 5.2 Subroutine KVECT.
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Figure 5.3 Subroutine FEEDEF.
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V1. MIMO CONTROLLER DESIGN DEMONSTRATIONS

A. A ROBUST DECOUPLING STATE FEEDBACK CONTROLLER
The lateral dvnamics of the CH-47 helicopter [Ref. 36] have the following state

variable representation.

X = Ax + Bu (eqn 6.1)

v = Cx (eqn 6.2)
where the state vector is defined as,

x = {v T

) pr o} (eqn 6.3)

and the units of the vector elements are,

x] = v = y velocity (ft/sec)
X5 = p = roll rate (rad'sec)
X3 = r = yaw rate (radsec)
X4 = @ = bank angle (rad)

The system matrices are shown in Table 2.
Lateral stability augmentation (LSA) to a roll command input, 8, is accomplished
via state feedback with feedforward as follows,
u=Fx + G, (eqn 6.4)

where,

u={p py)T (eqn 6.5)
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TABLE 2
CH-47 LATERAL DYNAMICS MODEL

N

B C

-2.27 -142 -0.15 31.99 0.12 093 1 000
001 -0.70 -0.07 00.00 0.04 -8.37 01 00
0.04 005 -D.05 00.00 0.34  0.02 AT B
0.00 Lo 0.1l 0.00 0.40 0,00 you o9

and,

p, = yaw rate rotor deflection control

Pp = roll rate rotor deflection control

62 is the fourth column of the state feedback matrix, F.
G, = {F(1,4) F24)T (eqn 6.6)

In that feedforward control has no influence on the resulting closed loop
eigenvalues, there exist several alternatives with regard to choosing an acceprable form
for G5. As the system zeroes are invariant under state feedback, an acceptable form
might be one which allows flexibility in invoking specific dynamic and static error
responses to the system [Ref. 37]. No modification to G, was performed for this
example.

The design requirements for the state feedback controller are:

a. Improve the performance and robustness of the system with respect to
uncertainties at the plant input and,

b. Shift the open loop eigenvalues from,

Agp = diag(-2.098 -1.079 0.207 -0.050} (eqn 6.7)

to the following closed loop eigenvalues,

Acy = diag{-25.120 -12.510 -9.652 -2.125) (eqn 6.8)
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Improvement of the performance and robustness can be based on several
measures [Ref. 38]. For the purpose of this example, increasing the minimum singular
mim * FG(jw)}for @ < 50.0 radians was used
as a robustness criterion. G is the transfer function matrix between the input u and

value of the return difference matrix, ¢

output v, C(j(:l)ln - A)'lB. In the discussions below, the term MIMO robustness is
synonymous with the ¢ (I, + FG) defined above.

Sandeii {Ref. 36] et. al. presented three different feedback gain solutions which
successfully invoked the Ay above. Two of the three lacked MIMO robustness since
0, of the return difference matrix had values of as low as 0.3. This is a prime example
of the non uniqueness of solutions for F when implementing a pole placement
algorithm for MIMO systems. In other words, a particular set of feedback gains, F,
will invoke a specific robustness measure while simultaneously shifting the eigenvalues.
Gourdon [Ref. 8] exploited this non uniqueness using numerical optimization techniques
and designed robust feedback controllers which simultaneously shifted the eigenvalues
and set 6 ,(1 .+ FG) greater than or equal to 0.6. Another way of improving the
robustness of the svstem is by designing an optimal LQG controller. In this way the
degrees of freedom bevond pole placement take the form of an optimal control
solutions. Chow [Ref. 9] designed such an optimal state feedback controller while
simuitaneously shifting Agy to Acp -

The eigenstructures of these designs designated as Non-Robust, Gordon, and,
Chow, are depicted in Table 3 in orders of increasing robustness. Examination of the
eigenstructures reveal an increased modal decoupiing of yaw rate as the robustness
improves. It is this observation which prompted the use of eigenstructure assignment

to compute a feedback solution. By using the following desired eigenstructure.

X X X X
X X X X
000X
X xx0

A = diag{-25.120 -12.510 -9.652 -2.125}

where x is an arbitrary design variable, and 0 is a specified value for the decoupling;
and by executing the State Feedback Controller Synthesis procedure of the EIGENS
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code, the feedback solution denoted as EIGENS in Table 3 was obtained. Note the
decoupling of the yaw rate elements and the resulting Ay . Figure 6.1 depicts the
resulting minimum singular value plots of the four designs. Note that robustness and
eigenvalue placement was achieved simultaneously in a rather straightforward manner

using eigenstructure assignment.

T
TABLE 3 |
CH-47 DECOUPLING STATE FEEDBACK DESIGNS
Design Eigenstructure
Feedback Gains
Non-Robust Design
-24.80 -11.42 -10.30 -2.1
1.7 23.5 -70.6 -395. 0416 0.641 0.701 1.000
-0.024 2.71 -0.37 7.99 0.117  0.401 0.404 -0.008
-1.000  1.000 1.000 -0.019
0.000 -0.045 -0.030 0.003
Gordon Design
-24.90 -11.90 -10.70 -2.34
14.2 -3.6 -78.0 61.0 -0.415  0.233 -0.338 -1.000
0.05 2.6 -0.2 15.6 -0.122  1.000 -1.000 0.031 l
-1.000  -0.124 -0.093 -.203
0.009 -0.083 0.093  -0.003 |
EIGENS Design
-25.12  -12.50 -10.50 2.12
-8.37 -2.57 -34.64 -59.94 0.002 -0.254 -0.364 -1.000
-1.79 4.05 -5.10 28.01 -1.000  -1.000 -1.000 -0.043
-0.004  0.0]2 0.083 0.333
0.040  0.080 0.095 0.003
Chow Design
-25.30  -11.62 -10.40 -2.10
-0.65 -0.36  -34.64 -6.60 0.003 -0.290 0.409 -1.000
-0.022 4.14 4.64 30.64 -1.000 -1.000 1.000 0.008
-0.002 0.042 -0.007 0.020
0.040  0.085 -0.096 -0.005
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B. A QUASI-OPTIMAL STATE FEEDBACK DECOUPLING CONTROLLER

As noted previously, Chow [Ref. 9] successfully coded an algorithm which will
obtain an optimal state feedback LQG control solution which invokes a desired Ay .
Table 4 depicts the eigenstructure of one of his solutions for the CH-47 lateral stability
controller. Note however that the vaw rate element associated with the fast eigenvalue,
Ay = -2.125, exhibits some coupling. BV inserung a numerical zero in place of the
cigenvector elementai vaiue of 0.1737 jor x4, and retaining the rest of the
eigenstructure as inputs to the EIGENS algorithm, the Yaw Decoupied design
structure was obtained. The resuiting minimum singular value of the return difference
matrix (I + FG) for this design, however, decreased to approximately 0.72. At this
point, one has an acceptable decoupling design but it is not optimal. since I
FG) is less than 1.0. Using the vaw decoupled eigenstructure as inputs to the Robust
State Feedback Controller Svnthesis procedure of the EIGENS code. a mininuzation of
equation 4.17 resuited in a value of @ of 0.905. As @& is nearly one for this solution, the
‘eedback gains are termed Quasi-Optimal and the resulting eigenstructure is shown in
Table 4. Note the yaw rate decoupling throughout the eigenvector matrix. Figure 6.2
shows the progression of the minimum singular value for each of these designs and
clearly notes the increased robustness of the Quasi-Optimal solution over the Yaw
Decoupled solution. Figure 6.3 depicts the resulting transient response to a 2.0 sec 0.1
radian roll pulse command for the Quasi-Optimal Yaw decoupled system. Note the

essentially zero (104 rad/sec) vaw rate response.

C. A ROBUST OUTPUT FEEDBACK CONTROLLER
The state variable lateral dynamics model of the L-1011 transport augmented
with rudder and aileron dynamics is shown below [Ref. 24].

.

>
I

Aaugx + Bu (eqn 6.9)

y = Cx (eqn 6.10)

where the augmented state vector is defined as,

X} = P, . rudder deflection (deg)

X9 = P, , aileron deflection (deg)
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TABLE 4
CH-47 OPTIMAL STATE FEEDBACK DESIGNS

Design
-25.120

Eigenstructure

-12.209

-9.651

-0.0033 -0.2393 -0.4630) 10,9847
Chow LQG 1).9992 -0.9034 0.8796 26,0179
0.0001 -0.0022 -0.0405 0.1737
-0.0598 0.0772 0.0916 -0.0006
-25.124 -12.510 -8.094 -2.153
-0.0033 0.2493 0.6103 -1.0000
Yaw 0.9992 0.9634 0.7862 0.0082
Decoupled 0.0001 0.0022 -0.0023 -0.0004
-0.0398 -0.0772 -0.0971 -0.0038
. 12.511 .

S 200013 -0.2492  -0.3326 1.0000 |
Quasi-Optimal 0.9992 -0.9634 0.3409 -0.0041 |
Yaw Decoupled 20.0043  -0.0022  0.0046  0.0002 !

-0.0405 0.0772 0.0957 0.0018 :

-2.125

Xy =@, bank angle (deg)

X4 r, vaw rate (deg sec)

X = p, roll rate (deg. sec)

xg = P, sideslip angle (deg)
Xq = fwo , washout fliter state

The input vector,u ,is composed of the rudder and aileron commands, p, and p,. .

u = (p, py)t (eqn 6.11)

The system matrices are shown in Table 3.
Sobel and Shapiro [Ref. 24] applied the classical results of Moore [Ref. 10] to the
design of a lateral stability augmentation system (LSAS) for the L-1011 aircraft. The

following design requirements set forth in [Ref. 24] were used.

65

R S ._'.\‘..‘- OO
OGN

\i\-\l P LI IR . Coe e
e PG T L PP Y T S VT VIR TV O |




3 NIl i\

Py

>

TABLE 5
L-1011 LATERAL DYNAMICS MODEL

A
-20.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 -25.00 0.00 0.00 0.00 0.00 0.00
.00 .00 0.00 0.00 1.00) .00 .00
20,734 -).032 .00 -i). 134 -.0052 L34 oy
0.337  -1.120 0.00 ).249 -1V -3 0.0 :
0.020 0.00 0.0386 -0.996 -.0003 -0.117 .00 !
0.00 0.00 0.00 0.500 0.00 0.00 -0.300 i
B !
20.00 0.00 |
0.00 25.00 ‘
C |
0.0 0.0 0.0 1.0 0.0 0.0 -1.0 |
0.0 0.0 0.0 0.0 1.0 0.0 0.0 ;
0.0 0.9 0.0 0.0 0.0 1.0 0.0 |
0.0 0.0 1.0 0.0 0.0 1.0 0.0 .

a. Shift the open loop roll and dutch roll eigenvalues to -1.5 £ 1.5) and -2.0 =
1.07 respectively, and,

b. Decouple roll rate and bank angle from the dutch roll vectors and decouple vaw
rate and sideslip angle from theroll vectors.

This design problem was executed via the Output Feedback Svnthesis procedure
of the EIGENS code subsequent to a model reduction. Since the first order actuator
eigenvalues were an order of magnitude grzater than the aircraft and washout filter
poles, the faster actuators were ignored during the design synthesis. Upon computing
the feedback gains, the slow system was then augmented to include the faster actuator
dynamics prior to transient response analysis. This technique of eigenspace separation
becomes a computational necessity when synthesisizing controllers for high- order
augmented linear systems. An augmented linear dvnamic model of the F:'A-18 tactical
aircraft for example [Ref. 39] consists of fiftv-five state variables.

Upon reducing the model to five states, the following desired eigenstructure was
input to the EIGENS code.
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o M,2 A3 4 As

ar -1.5%1.5j =2.0=x1.0j -0.6

a X1,2 X3,4 Xg

K] 0 X X

S X 0 b4

W 0 X X

o X 0 X
X Q X

where x again denotes an arbitrarv design variable. The resulting feedback gains and

1
I
. eigenstructures are compared with those of Sobel and Shapiro in Table 6. The closed
L.
N loop responses to an initial sideslip angle of B = 1.0 degree are shown in Figure 6.4.
) Figure 6.5 depicts the response using the EIGENS generated gains. Figure 6.6
y compares the minimum singular value plots of the two designs. The designs have
t nearly identical robustness properties.
j This concludes the discussions with regard to designing robust MIMO
w controllers. The design technique has been shown to provide flexibility towards
», improving an existing robust or optimal design. It also allows the designer to exercise
Al
.‘;: control over the modal content of the resulting svstem within the subspace constraints
-;: noted in Chapter III. It is this modal control which provided the motivation to
A investigate the application of eigenstructure assignment to reconfigure damaged aircraft
g control systems. Damage to aircraft control surfaces, wing;/body profiles, or to control
A
N actuators in effect change the resuiting closed loop modal eigenstructure. If one were
N able to regain the undamaged modal structure, then one has reconfigured the aircraft
>
¢ control system. Let us now turn to a discussion of such a concept.
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oo VI1. EXPLOITATION OF EIGENSTRUCTURE ASSIGNMENT TO SELF
RECONFIGURING AIRCRAFT MIMO CONTROLLERS: A NEW

s _ APPROACH

g

s A. PROBLEM STATEMENT

iz Prior to defining the objectives of a self - reconfiguring WIMO controiler. one

» must clearly state the types of svstem changes and:or deficiencies which might require

*: the flexibility of such a device. In this thesis, the design requirement of the aircraft

& under analysis was assumed to be the undamaged or design dominant eigenstructure for a

specific airspeed, altitude and mission configuration. A system change or deficiency
3 might include:
e a. Asymmetric or symmetric degradation of control surface effectiveness,
B b. Asymmetric or symmetric control surface loss,
' c. Single or multiple actuator degradation or failure,
d. Single or multiple sensor degradation or failure, or

e. Any aircraft damage which significantly changes the stability derivatives and
therefore the modal response of the aircraft.

The design objective of a self - reconfiguring MIMO controller as interpreted in

this thesis is therefore to regain the undamaged modal structure subsequent to such

&

" system deficiencies via a new or reconfigured set of feedback gains. The objective is

- . . . )

) not a systems approach to reconfiguration but rather a tailored algorithm which
extends the application of eigenstructure assignment. The reader is referred to [Ref. 40]
as an example of what is termed a systems approach to the reconfiguration probiem.

‘ . - .. ~ . . . -

J A mathematical definition of such a controiler might be stated in the following wav,

4

"

. Problem Statement

P,

Does there exist, and if so, what are the new set of feedback gains required to regain

- the desired dominant eigenstructure subsequent to a system deficiency?

‘

¢ In terms of the overall flight control system, there are additional assumptions

- beside the existence of a solution which are implicit in this problem statement. The

. three most recognizable are:

" a. The deficiency, or damage, is assumed to be detectable in a time scale much faster

y than the response time of the aircraft,

L. b. Sufficient moment and force authority exist in the remaining undamaged control

‘ surfaces to overcome thé deficiencies and,

\'

2
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c. Appropriate feedback loops exist between the sensed motion variable and all
available conirol surfaces.

Note that the objective of the reconfigured controller in this thesis is to regain
the undamaged modal response with the assumption that the system deficiency has
been detected. This is not to say however that the technique described below cannot be
applied to the detection process. The concept may be equally applied to detection or

observer design.

B. ALGEBRAIC SOLUTION

An algebraic solution to the problem used in this thesis is presented as follows.
It was shown previously that for the output feedback case, the set of unique feedback
gains, F, which invoke m x [ elements of a desired right eigenvector matrix, X, and
max(m,l) elements of the eigenvalue matrix, A, in the least square sense, are defined by,

F=2Z

o l(xax . a)z 1y T (eqn 7.1)

where each right and left eigenvector must be members of null spaces defined by their
respective closed loop eigenvalues, )».l ,

x € LUy (A - L)) (eqn 7.2)

t e L AT -2 1) (eqn 7.3)

ct!l

In order to facilitate the analysis, let us rewrite equation 7.1 by substituting B,
for Zb’lL'boT and C, for ZC'IUCOT,

F = B,(XAX'!. A)C, (eqn 7.4)

In equation 7.4 let us define the undamaged dominant modal structure, or design
requirement noted above, by designating the matrix M, where,

M = Xax! = BrCc + A (eqn 7.5)
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as the modal matrix. Note that system deficiencies or damage as defined previously,
would result in either collective or distributional changes to the matrix triple (A,B,C).

A large change in the control matrix B for example, would occur if a particular control
surface was rendered ineffective by combat damage. Such a change might invoke
zeroes in B and perhaps even cause rank degeneracy in the control matrix. Let us
denote such changes as 8A, 6B, and 8C. Further, if the feedback gains in 7.4 were held
constant, then the modal matrix, M, would likewise undergo changes. M. since if the

feedback gains were to be held constant in 7.4, the following equality would arise,
& F = (B, + 8B){M + M - (A + 8A)} (C, + 8C)) (eqn 7.6)

Again, cases may arise where 8M could represent benign responses such as decreased
pitch response due to symmetrical elevator degradation or severe changes such as an
undesired roll and yaw response from pitch commands due to asymmetric elevator
degradation. In order to maintain the integrity of the dominant modes of the modal
matrix, M, constant in 7.6, and thereby regain the undamaged modal response, one
could allow the feedback gains F to undergo a perturbation 8F, to lessen the
magnitude of 8M. The flexibility of eigenstructure assignment and its suitability for
solution by numerical optimization techniques allow one to perform such a calculation.
For example, if one required the closed loop eigenvalues, A, to remain constant, one
would allow the closed loop eigenvector matrix, X, to assume the role of design
variables in an optimization routine to satisfy equation 7.2. By converging to such a
solution and designating the subsequent changes to the modal matrix M as dm, where
dm represents minor changes to the dominant modes, one has,

F + &8F = (B, + 6B ){M + ém - (A + <'5A)}(CZ +9C,) (eqn 7.7)

with the additional constraints that the right and left eigenvectors must now be
members of the following perturbed null spaces,

X, € L{(Uy; + 6Ly (A + 8A - A1) (eqn 7.8)

t € L{(Lgyy + U, AT + 84T .41 (eqn 7.9)

ctl
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Note that in equations 7.8 and 7.9, the changed open loop parameters are A + 8A, B
+ 8B, and C + 8C and as such remain constant. If one desires a specified closed loop
eigenvalue matrix, A, then one must allow the eigenvectors X and t, to rotate until
equations 7.8 and 7.9 are satisfied. If such a sclution exists, then one has reconfigured
the system to regain a response close to the undamaged response. Note additionally
that one may apply the concept of eigenvalue shifting described in Chapter VI, Section
B.4. to sausiy the null space requirements of equation 7.8 and 7.9. Equations 7.7, 7.3,
and 7.9 are the key relations used in the reconfiguration algorithm presented in this
thesis.

C. RECONFIGURATION ALGORITHM

The reconfiguration algorithm presented in this thesis which codes the key

relations noted above can facilitate analysis of a fifty - five state variable model with
up to ten inputs and eighteen inputs. It is composed of three sequentially
interdependent Fortran algorithms (RECONF, ERSPACE, ELSPACE) which execute
the reconfiguration constraints noted in equations 7.7 through 7.9 It is assumed that
the user has independently computed a set of feedback gains for a particular system
which invoke a satisfactory eigenstructure. The reconfiguration algorithm initializes
the design analysis with the user provided data and computes the modal matrix, M, for
further use. The algorithms were coded for execution on the Naval Postgraduate
School IBM - 370 mainframe via interactive access through compatible user terminals.
The reader is referred to Appendices D, E, and F for the program listings. A
sequential description of a typical reconfiguration flow is described below. Acronvms
to the left of the program name are designated as read files, those to the right are
designated write data files.

a. RECONF reads the undamaged svstem matrices (A,B.C,F) and writes the
undamaged modal eigenstructure (X;A).

RECONF---- > «-ee{ RECONF}---- > --..UNDEIG

b. RECONF reads tiic user provided damaged system matrices (RECOXX) and
undamaged modal eigenstructure (UNDEIG) and writes the agppro nate’ right
eigenstructure data (ERSPACE) for right null space analysis (7.8). e user has
control over the order of the design Space by designating the upper and lower
bounds of the eigenvalues of interést. "In this way, the user mayv svnthesize the
entire eigenspacé by segmenting the whole space into iterative ‘segments of
design spaces or ma¥ specify a reduced order design eigenspace.

RECOXX ----> =---{RECONF}---- > --..ERSPACE
UNDEIG

c. ERSPACE reads_the right eigenspace data and calls the ADS pro
minimize a specific normed Vvector distance between the undanm%

gram to
eigenvector and the perturbed (darmaged) right null space (7.8 )

d right
L pon
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convergence, the app_ro(priate_left e%enstructure data is written (ELSPACE) for

left null space analysis (equation 7.
ERSPACE----> ----{ERSPACE}----> ----ELSPACE

d. ELSPACE reads the eigenstructure data and uses the ADS program to
minimize the euclidean distance between the desired left eigenvector and
perturbed (damaged) left null space. The user has the option of performing the
minimuzation by either eigenvector or eigenvalue shifting. . After convergence 1s
obtained for each left eigénvector. the right null space résidual 1s also displaved
(o alert the user of anv conflict with thé resulting right eigenvector null space
membership. If such a contlict arose. the code could be modified to rewrite the
ERSPACE" data iile for reentrv 'nto the ERSPACLE aigorithm. No suen
requirement nas been noled or e model dnder anaivsis or e reseuren
reported in this thesis. This ;s due to :he fact that tor the I A-1SA lineur
dvnamic mode} presented in Chapter VI, _the dimensions of E_and E; are <3
and 37 respecuively.  Therefore d(E ) > d(E,), Upon completiod of the fert nuil
space anaivsis, ELSPACE writes the optirzed eigenstructure (OPTEIG) ior
use by RECONF to calculate the recontigured gains:

ELSPACE----> ----{ELSPACE}----> ----- OPTEIG
e. RECONF reads_the oa_timized eigenstructure and calculates the resulting
teedback gains (FRECON). reconfigured eigenstructure (RECEIG) and reguired
time response data for niotung. (OPTXXX) for piotting. Plotting i1s per:Zrmed
by auxiliary programs not described in this thesis.
RECOXX----> ----RECONF--e- > enee FRECON. OPTEIG
RECEIG., OPTXXX

A sample run is presented in Appendix G.
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VIII. A RECONFIGURED SOLUTION DEMONSTRATION

A.  BACKGROUND

The F A-1SA was chosen as a demonstration vehicle for the solution technique
nnsed in Chapter VIT due 2o s digiral Qight control sustem and availabiiity of control
airtaces Dot ceccniiguraticn. A cdrrent tacucar arreradt nothe U8 Navy and Marine
Corps :nventory, its pnimary fhight control is baselined as a control augmentation system
which s implemented via fiv-bv-wire technolegy {Refl 41}, The discussion will continue
With 4 orief’ deseription ot the aireralt controi svstem and Jdvnamic model followed by
nich

SPECIIC CAMALEE »vialio8 W

WOIC treated dunng the research reported here.

B. F A-18A SYSTEM OVERVIEW

Toe F AN control augmentation <»stem uses feedback gain scheduling, cross

~Gtheosulh i orouhng surnace o orudder. and closed loop control for acceptabie
AU Guaenlh And Lnetall sty piving quahty guidelines are based on mulitary
speaiication MTL-ENTNSB Levei 1 requrements for high maneuverability aircraft
2UeiT Aot v marnns are per MIL-F-99900 which require 6 db of gain
Lo NOLooTomognss toniraliaw oomputatens are performed via paralled
CCoLotrolosang CUoange 0oLtaok, nermad acceleration, and Jdyvnamuce static air data

ooaw toe desired responses o vancus thght conditions. Figure 8.1 1s taken from

Ror 4 ot okt Contrl austem from a funcuonal level
SLov N Dot ot csren sudrtaees of the aireraite In the undamaged
oo Crcooc e s conmirasied v symmetric Jetlection of right
ST o tewany raang odge naps. Lateral directional control is
Giforential Lelectnion of the neght and left stabilators, atlerons.
Do o owoee e o eencrroncus rudder Jdetlections. Each fhight control

Cottaoeo e oo e e o seny cadtuators wath known dvnarmucs. Rate gyvros

Tl CToon oo e G e sensed motion data which is input to the digital

Nt s e pomany anner leop centrol as accomplished via
Co Sraen pan sonedaied teedbadk control. Control law
2w Power Approach :or take off and landing and Anto

Fiap | p Ce T s ey O e Awto Flap Mode was incorporated in the

NG




C. F/A-18A LINEARIZED DYNAMIC MODEL
The linearized F/A-18A continucus state variable model for fighter escort

configuration is as follows.

X = AXx + Bu (eqn 8.1)

v =Cx + Du (eqn $.2)
where the state vector is composed of both the longitudinal and lateral aircraft states,
x={uwgq rpv Q! (eqn 8.3)
and the state vector elements are,
u = forward velocity
w = vertical velocity
q = pitch rate

0 = pitch attitude

r = yaw rate

p = roll rate
v = side velocity
¢ = bank angle

The input vector u is composed of the following eight inputs,

u = (dst, dle, diey Py Ple Pre Py Pr T (eqn 8.4)

coeer 4 Jenotes svmmetric deflections and p denotes differential deflections of the

“y= a0 roost, leading edge flaps (le), trailing edge flaps (te), ailerons (a), and rudders

T+ s.ctem matrices were computed from data in [Ref. 41] for a flight condition of
oban astitude of 10,000 feet. They are shown in Table 7.
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The output vector, v, is,

T

v=1{qn, aar pn! (eqn § <)

where

n. = ncrmal acceleration

=
Y
n

angle ot attaex

lateral acceleratuion

o]
[l

v
D. F/A-18A AUGMENTED LINEARIZED DYNAMIC MODEL

Rojek [Ref 39] modeled the F A-18A aircraft dvnamics augmented aith
actuator.sensor and feedback lilter dvnanucs for the duro Flup Up thght moede in
discrete torm.

Figures 8.3 and 8.4 depict the linearized longitudinal and iateral-directional
control law model coded in [Ref. 39]. In the figures. F denotes the gain scneduled
function values and P denotes the presence of a filter. Constant gains are Jdenoted by
numerical values. Non-linear components of the full order control law mode! noted :n
[Ref. 41] were either ignored or linearized as foliows.

a. Non-linear dvnamics of the control laws such as position Limuters. rate himiters,
dead band regions, and tnertial couplings were ignored.

b. Stick and rudder dynamics were ignored.
A constant sample rate was assumed and therefore pre-aliasing filters were not
included 1n the model. For this thesis. an eighty hertz <ampling rate was
invoked.

d. Structural notch filters were ignored as structural modes were not medeicd

e. As the model was designed to simulate cruise flight conditions. faders which
smooth out discontinuities during system start up and other transitional phases
were ignored.

The control law model provides gain scheduling as noted in paragraph VIII B
Lead-lag filtering is also provided to shape the feedback responses and to ensure
acceptable phase and gain margins within the feedbuck paths. [Ref 39] presents
detailed information with regard to descretization of the continuous actuator, sensor,
and control filter models shown in [Ref. d1j.

[Ref. 39] formulated the discrete F A-18A dvnanuc model as a fiftv-live
augmented state variable system. This particular state vanable form modeled the

discrete pilot commands as the input vector, uck).
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uwk) = Ipdkr pikd p/(k),‘l (egn 8.6)
where

Pkt = piteh stick command
pytk) = lateral stick command

p,(ky = directional rudder command
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Modeling in this way incorporates both the control surface deflection commands

) and feedback filter states within the plant matrix, A. In that the control surface
) deflection commands are the desired system inputs, u, and the discrete pilot commands
; are the desired reference commands, 6(x), the dynamic model was assembled in a
. different manner than [Ref. 39]. Equation 8.6 was reformulated as a reference
command vector, 8(k), and the input vector, u(k), was reformulated as the ten discrete

control surtace :nputs as follows.

P, u = {rst Ist rle lle rte lte ra la rr 11'}_r (eqn 8.7)

where r and / denote right and left control surfaces and st, le, te, a, and r denote
stabilator, leading edge flap. trailing edge flap, aileron, and rudder deflections
respectivelv. Additionallv, Rojek provided longitudinal( LONG) and lateral (LATD)
gain matrnices which modified the equations of motion to accept individual control

T4y

surface deflections as systems inputs. In this way, coupling between the longitudinal
aircraft modes and longitudinal control surfaces, and also the lateral modes and contro]

surfaces, are invoked via the gain matrix transformation. For svmmetric control

. y
Cht A RS R 2N N

surtace degradation where for example both right and left stabilators are degraded by
_ an equal amount, the aircraft equations of motion remain uncoupled via the structure
. of the gain matrices (LONG.LATD). If only the right stabilator were degraded
/ however, cross coupling of the aircraft modes would be invoked by the gain matrix
structures.

Assembling the model in this form leads to a classical state variable

representation,

L A A4

xX(k+1) = Ax(k) + Bu(k) + Gl(k)ﬁ(k) (eqn 8.8)

(k) = Cx(K) (eqn 8.9)

" u(k) = Fy(k) + Gzé(k) (eqn 8.10)

3 where the vectors have the following linear space dimensions,
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Equations 8.8,8.9, and 8.10 represent the F'A-1SA augmented linear dvnamic
model used for the reconfiguration studies presented :n this thesis. Note that the
feedforward matrices, G 1 and Gz, mathematically represent the addition of zeroes to
the closed loop system. Physically they represent command links to the control
surfaces to aid in control surface time response and modal shaping. They are assumed
constant within the bounds of the reconfiguration technique posed in this work and will
not be expioited as a degree of freedom for regaining the undamaged responses. Only
the gain matrix, F, is assumed variable for reconfiguration analysis. Note additionally
that in the geometric terminology of Chapter III. this system is a Case VI Output
Feedback problem since m< /.

The right null space E_ is of dimension forty-five while the left null space E is
dimension thirty-seven. Unlike the lower order L-1011 problem, these dimensionally
dissimilar null spaces will prove to be significant since there may be several right
eigenvectors of differing orientations which satisfy the right null space constraints.
Subsequent discussions will review this concept in more detail. Equations 8.8 - 8.10
were verified for accuracy by comparing responses with those of Rojek [Ref. 39]. No
discrepancies with the longitudinal responses of Rojek were noted [Ref 39] and
equations 8.8 through 8.10 were deemed correct for further analysis.

The augmented state vector x(k) is comprised of five individual state vectors as

follows.
X = {xlonT xlatT "act’r ’(sen’r xclT}T (eqn 8.11)
where x;,, and xj,, were defined previously and,
Xaer2 XE = (x 1X8 x 1¥4 xe X %, 1X x I T = actuator states
1x1 _ 1x6 Ix12, T _
Xsen = {xgyros Xfilters } ' = sensor states
xc112xl = {Xclon Xclat}T = control law digital states
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The augmented output vector, y(k), is composed of the sensed motion variables

and the control law filter states which arise from their state vaniable formulation.
y=1{qn,aarp ny!xdlxn}T (eqn $. 1)

Bv examining equation S.12 and :uuation S.7 one observes the structure of the
teedback gain matnix. F. Note how -hus struciure exposes e :eedbacx .cops .a “he
system in a numerical fashion. For example, F(1.1) 1s the static teedback gain hetween
the sensed pitch rate, q, and the right stabiator deflection command, rst. This physical
interpretation of the numerical structure of the system 15 not evident in [Ref. 39] and
serves as a revealing source of information for reconfiguration analvsis. Note
additionally that the gain matrix, F. will remain constant unless Julerent thght
conditions and or regimes are assumed. Additionally, if one models centrol suilace
degradation via changes in the B matrix. then these constant F values will invoke
undesired modal responses subsequent to pilot commands via 6tk). It 's the intent of
the reconfiguration technique to regain the undamaged response with the same pilot
command inputs. This. of course. necessitates changing F by some quantitative
amount 8F. This is exactly what we desire to determine by the solution techmque
described in Chapter VII. Let us now turn to some specific damage scenarios for
solution.

E. THE SYMMETRIC DEGRADATION PROBLEM

Several types of flight control surface deficiencies or damage classes were
presented in Chapter VII ranked in orders of severity. The initial tvpe of damage class
considered in this thesis was the svmmetric degradation of control surface effectiveness.
Specifically, two cases of svmmetric degradation of the right and left stabilators were
treated by the reconfiguration technique. Case 4 decreased the control effectiveness of
both stabilators by 25%and Case B decreased the effectiveness by 30%. Since this
type of longitudinal symmetric damage does not invoke lateral coupling, the perturbed
eigenstructure only involves the longitudinal dvnamics. This provides a suitable test
case for the initial attempt at reconfiguration.

As is the case in all eigenstructure synthesis scenarios, one must become fanuliar
with the structure of the system prior to any design execution. In all of the damaged

cases examined for this thesis, the design requirement was to regain the undamaged
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longitudinal response to a 1.0 inch, 3.0 sec pitch up stick command. Figure 8.5 depicts

the undamaged longitudinal responses to such an input. Table 8 depicts the closed
loop eigenvalues of the full order system. Note that a slow eigenspace exists for a z-
plane eigenvalue of greater than or equal to 0.9535. A slow design eigenspace was
therefore defined as z 2 0.9535 and reconfiguration svnthesis for the svmmetric
degradation cases was performed within this eighteenth order eigenspace. Table 9
depicts the cigenvectors of the aircraft eigenspace. Tables 8 and 9 are therefore the
design ciosed loop cigenvalues and night eigenvectors for this Case VI Output
Feedback problem. In all subsequent tables, the aircraft eigenvectors are normalized
with respect to the largest real magnitude of the aircraft elements. Table 10 shows the
undamaged feedback gain matrix, F. Note that the function gains and filter transter
functions depicted in Figures 8.2 and 8.3 are transformed via the modeling technique
noted in paragraph VIIL.D into the elemental values of the feedback matrix. F, in
Table 10. Each coiumn represents the feedback gain values from the sensed variabie to
the respective control surface. For example the static gain value between pitch rate, q,
and the right stabilator, rst, 1s 0.214.

Table 11 numencally depicts the euclidean and %C-norms of the right and left null
vectors, €; and g, of the eighteen slow modes. The residual sums, RES, and RES,, are
the sums of the eighteen individual euclidean norms. Note that RES, is significantly
less than RES; and that the primary modal contributors to RES, are the short period
and phugoid modes. It is interesting to note that at the outset, the bad acrors with
respect to the left null spaces are longitudinal in nature.

Upon examining Table 11, one would initially establish a collecrive numerical
threshold on the null space membership criteria of 0.074838 and 3.3046 respectively. A
significant unknown, however,s the magnitude of the conservative nature of the
euclidean norm. A collective measure of null space residuals may indeed be too harsh
a criterion on eigenvector acceptance. Additionally, as noted previously, eigenvector
orientation is a significant input with regard to acceptance criteria when analyzing such
a high order system. For example, a particular eigenvector may satisfy a null space
requirement but have undesired modal orientation. An undesired orientation results in
responses which may or may not be acceptable. The design problem therefore becomes
two fold. Null space constraints and proper orientation of the right eigenvector must
simultaneously occur to ensure full performance recovery. Performance recovery could

be accomplished in several ways. One procedure would be to augment the current
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1. Case A

Svmmetric degradation of the stabilators was <imulated by moditving the
appropriate elements of the gain matrices to reilect a 23" loss :n control etfectuiveness.
Figures 8.6 und 3.7 depict the damaged pitch atuitude and puch sate responses.
Although a relativelv benign perturbation to the undamaged response, this case served
a valuable role in software debug of RECONF, ERSPACE,ELSPACE, and in the
modifications to the [Ref. 39] code. Table 12 depicts the damaged eigenvalues for Case
A. Table 13 shows the resulting perturbed aircraft eigenstructure for Case A. The
primary eigenstructure perturbation for Case A is noted in the slower phugoid (A =
-0.4123) and the short period modes. For the slower phugoid mode, the eigenvalue
shifted to the right by 19.4% with no significant change in the eigenvector. The
perturbed short period mode became less damped and more oscillatory as the real part
of the eigenvalue moved to the right by 16.7% and up the imaginary axis by 9.4%.

The cumulative result is a lag in both the pitch attitude and pitch rate responses.
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TABLE 8§
AL UNDAMAGED C-LOOP EIGENVALUES:M = 0.6 ALT = 10K
Z-Plune Roots S-Plane Roots Mode
ca] KR OO0 ] Filter
‘ W i | Vot 000§ Fiter
S DS .03 .000J Spiral
Coram vrot ] AN 0.000] Fiiter
11,9998 0.600J -0.01~ 0.0007 Phugoid
1.9936 0.0000J -0.311 0.0004 Phugoid
AN IRV ENTN| -1.000 0.000] Filter
AN DLO000] -1.139 0.000] Filter
09821 0 000G ] -1.443 0.000J Filter
TR ARV VL. V2] -2.000 0.000] Filter
AR D000 ] -2.000 0.000J Filter
9T 00000 D0 0.000] Filter
1).9643 0.0000J -2.904 0.000J Roll
1.9"h4 -0.0)219J -1.870 -2.613J Dutch Roll |
1.9764 0.0319J -1.870 2.6137 Dutch Roil !
0.9714 -0.0328J -2.279 -2.702J Short Period |
10,9714 0.03287 -2.279 2702 Short Period {
ARN D.00060 ] 23311 0.000] Fiiter !
(aal]l 0.0000] -13.329 0.000J AoA Sensor :
0 -619 0.0000] -21.737 0.000] Filter \
‘ 07119 0.0000] 227292 0.000J  LE Flap Actuator l
i 0.7106 0.0000] -27.330 0.000J LE Flap Actuator
0.09%8 -0.2220]) -24.321 -24.612J TE Elap Actuator ‘
0.6988 0.2220] -24.821 24.612) TE Flap Actuator ‘
N.7660 0.3193) -14.909 31.616] Stab Actuator
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0.7397 -(.3344] -14.903 -33.167] Stab Actuator
0.7397 0.3344) -14.903 33.167) Stab Actuator
| 0.4907 -0.0613] -36.336 -9.942]  Ail Actuator
0.4907 0.0613] -36.336 9.942] Aill Actuator
{ 0.4120 (.0990] -70.946 0.000] Filter
1 0.4267 0.3239]) -49.749 32.187J Ail Actuator
! 0.4267 -0.3259] -39.749 -52.187) Ail Actuator
i 0.4191 -0.3947] 4173 -60.434] Rud Actuator
i 0.4191 0.3947] -44.173 60.434J Rud Actuator
0.4181 -0.39350] -44.250 -60.333J Rud Actuator
0.4181 0.3950J) -44.230 60.535J Rud Actuator
0.3601 0.0000J -31.707 0.000] LE Flap Actuartor
0.3601 0.0000} -81.708 0.000] LE Flap Actuaror
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TABLE 9
F/A-18A UNDAMAGED AIRCRAFT EIGENSTRUCTURE
Spiral Phugoid Phugoid
A =0.0029 + 0.0000J A =-0.0173 +0.0000j A=-0.5115+0.0000J
0.0000  0.0000] 21,0000 0.0000] -0.3443 n.0000] !
| 0.0000 10.0000] ).0539 1).0000J 1.0000 0.0000J |
i 0.0000 0.0000]J 0.0000 0.0000J 0.0016 0.0000J ‘
).0000 3.0LVOJ 0.0000 0.0000) -0.0031 0.0000J
0.7764 0.0000) 0.0000 0.0000J 0.0000 0.0000]
0.0494 0.0000] 0.0000 0.0000J 0.0000 0.0000]
0.0029 0.0000J 0.0000 0.0000J 0.0000 0.0000]
1.0000 0.0000J 0.0000 0.0000] 0.0000 0.0000J
Roll Dutch Roll Dutch Roll
A=-2.9042 A=-1.8703-2.6152J A=-1.8703+2.6152]
0.0000 0.0000J 0.0000 0.0000] 0.0000 0.0000]
.0000 0.0000] 0.0000 0.0000J 0.0000 0.0000J
.0000 0.0000] 0.0000 0.0000J 0.0000 0.0000]
0.0000 0.0000] 0.0000 0.0000J 0.0000 0.0000]
-1.0000Q 0.0000] -1.0000 -1.2610] -1.0000 1.2610J
-0.0037 0.0000] 0.0026 -0.0075] 0.0026 0.0075]
-0.04 /8 0.0000] 0.0049 0.0166J 0.0049 -0.0166J
0.0165 0.0000J -0.0051 -0.0018J -0.0051 0.0018J
Short Period Short Period
A=-22794-2.7016] A=-2.2794+2.7016]
0.0183 -0.0031J 0.0183 0.0031J
-1.0000 -1.7738J -1.0000 1.7738J
-0.0055 0.0078J -0.0055 -0.0078J
-0.0007 -0.0026J -0.0007 0.0026]
0.0000 0.0000J 0.0000 .0000.
0.0000 0.0000J 0.0000 0.0000]
0.0000 0.0000J 0.0000 0.0000]
0.0000 0.0000J 0.0000 0.0000J

The initial test performed on the desired eigenstructure was the right null
space constraint. Table 14 depicts the null space residuals for Case A. Note that
RES, is 0.036547 for this case which compares favorably with that of the undamaged

(or nominal) value. Therefore the desired right eigenvectors were considered members

of the Case A perturbed right null spaces and no reorientation was considered
necessary. When the left eigenvectors were tested for left null space membership, a
value of RES; = 125.11 was obtained. When compared with a value of 3.3046, it was
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TABLE 11
F/A-18A NOMINAL NULL SPACE RESIDUALS
RES, =Y [[€,5/l, = O.74838E-01
RES;=)|le);]l, = 0.33046E+01
Mode Nep;ll ey sl
2-Norm O =-Norm 2=-Norm Xnorm

ShPer 0. 10646E-04 0.71796E-05 0.52883E+00 0.11033E-03
ShPer 0. 10646E-04 0.71796E-05 0.52883E+00 0.11033E-03
P11D_ 0.10902E-04 0. 76087E-0S5 0. 14053E-01 0.44177E-05
DRoll 0.30222E-02 0.29889E-02 0.41392E-03 0. 70056E-13
DRoll 0.30222E-02 0.29889E~02 0.41392E-03 0. 70056E-13
FPhug 0.36685E-05 0.23228E-05 0. 16863E+00 0.33777E-04
Y3D_ ~ 0.43926E-05 0.29008E-05 0. 76362E-01 0.13423E-04
Roll 0.53555E-03 0.52682E-03 0.31910E~-03 0.17306E-12
SPhug 0. 38242E-Q6 0.26453E-06 Q.12615E+01 Q. 1260Q0E+01
Filtr Q.53746E-04 0.40515E-04 0. 10055E-03 0.11079E-14
Filtr 0.33415E-03 0.32759E-03 0.49189E-03 0. 14597E-14
Filtr 0. 16079E-04 0.13604E-04 0.69333E+00 0.12940E-0S
Filtr 0.28549E-11 0.20861E-11 0.13364E-03 0Q.33852E-15
Filtr 0.14593E-12 0.96229E-13 0.23156E-01 0.56116E=-08
Filtr O.45935E-03 0.45639E-03 0.80447E-02 0.65734E-15
Spira 0.24578E-10 0.17275E-10 0. 0Q00CQE+00 O.0Q0QOE+Q0
Filtr 0.48253E-12 0.38527E-12 0.00000E+00 0.QQO0Q0E+Q0Q
Filtr O.O0OQOOE+00 0. 00000E+00 0. 00000E+00 0.00000E+00

decided that reorienting the left eigenvectors was required. In particular, note that the
source of left residual error was predominantly due to the short period, phugoid, and
two of the filter modes, P11D and Y3D. PI11D is a longitudinal filter which sends
angle of attack data to the collective flap commands. The Y3D is a lateral feedback
filter which smooths vaw and roll rate feedback to the svnchronous rudder commands.
Note that the lateral aircraft modes satisfy both right and left perturbed null space
constraints as might be expected since the degradation is in the longitudinal surfaces
only. Note additionally that the three modes at the bottom of Table 14 have true zero
left residuals just as in the undamaged case. This depicts the dependence of the
residual on the open loop parameters (A,B,C) and show that for some eigenvalues, the
null space constraints will always be satisfied regardless of the orientation of the
eigenvector. The converse is also true, some eigenvalues will always invoke a null
space residual. The key is to orient their vectors as close as possible to the desired
orientation while minimizing the residual error.
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Figure 8.6 Case A Damaged Pitch Attitude Response.
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Minimization of the euclidean norm of the left null vector, g5, for each of
these four modes was performed in the following way. All fifty-five elements of the left
eigenvector were allowed to vary £0.001 of their initial value to provide freedom to
rotate as close as possible to the null space invoked by the fixed eigenvalue. ADS was
then used to minimize ||¢ |5 individually for each of the four modes. Upon completion
of the minimization procedure. final values of RES. = 0.043691 and RES; = 37.117
were obtained. Note that the rignt residuai sum maintained an acceptable vaiue during
minimization of the left null vector norms. This is demonstrative of the higher
dimension of the right null space.(d(Er) = p = 45) as compared with that of the left
null space (d(E;) = q = 37). Subsequent to the minimization, the fast eigenspace was
preserved by inserting the undamaged elements 9-43,45, and 47 into the 37 fast modes
of the right eigenvector matrix. The reconfigured feedback gains were then computed
and responses were plotted. In essence, this is a reduced order design method and
proved successful for the symmetric degradation cases.

Table 15 shows the reconfigured feedback gains for Case A. Note that the
reconfigured gains invoke deflection commands to the leading and trailing edge [laps
via pitch rate, normal acceleration, and angle of attack feedback paths. Additionally,
feedback gains are now present in the angle of attack to stabilator feedback path.
Note that these paths are not present in the longitudinal control model of Figure 8.3.
This solution therefore would require a modification to the aircraft control system.
Additionally there are feedback gains between selected filter states and the
leading. trailing edge surfaces. These particular filter states correspond to the pitch rate
to collective stabilator, normal acceleration to collective stabilator, pitch stick to
collective stabilator, and angle of attack to collective leading flap feedback filters. This
longitudinal reconfiguration was implicitly invoked by the design technique described
above. Table 16 depicts the reconfigured eigenstructure for Case A. Note the slower
phugoid (A = -0.4616) has been shifted to 90.24% of the undamaged value which is a
9.59% improvement over the damaged eigenvalue location. Also noteworthy is the
weak modal coupling to forward and vertical velocity in the spiral mode. Similarly,
there is weak coupling to side velocity in the reconfigured short period. Figures 8.8
amd 8.9 show the reconfigured pitch attitude and pitch rate responses. Note that the
undamaged responses were not exactly regained, but the reconfigured responses show
positive signs toward performance recovery. This is indicative of satisfying the null

space constraints while not invoking a constraint on the orientation of the right




TABLE 12
CASE A (25% SYMMETRIC) DAMAGED C-LOOP EIGENVALUES
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; TABLE 13
CASE A (25%SYMMETRIC DAMAGE) AIRCRAFT
:; EIGE\STRLCTL RE
! ‘, Spiral « Phugoid Phugoid
2 L =0.0029 A =-0.0187+ 0.0000J A =-0.4123-0.0000J)
(0.0000 0.0000J 1.0000 0.0000J 0.4938 0.0000]
03 0.0000 0.0000] -0.03604 0.0000J -1.0000 0.0000]
0.0000 0.0000J 0.0000 0.0000J -0.0016 0.0000J
Yo 0.0000 0.0000] 0.0000 0.0000] 0.0039 (0.0000]
u -0.7763 0.0000J] 0.0000 0.0000J 0.0000 0.0000J
. -0.0494 0.0000] 0.0000 0.0000J 0.0000 0.0000)]
. -0.0029 0.0000] 0.0000 0.0000J 0.0000 0.0000J
-1.0000 0.0000J 0.0000 0.0000J 0.0000 0.0000J
Roll Dutch Roll Dutch Roll
‘:’ A =-2.8919 A=-1.8691-2.6153] h=-1.8691+2.6153]
L 0.0000  0.0000J 0.0000 0.0000J 0.0000 0.0000J
B 0.0000 0.0000] 0.0000 0.0000J 0.0000 0.0000J |
0.0000 0.0000] 0.0000 0.0000J 0.0000 0.0000] |
0.0000 0.0000] 0.0000 0.0000J] 0.0000 0.0000J '
1.0000 0.0000] 1.0000 -60.474]J 1.0000 00.474] \
. 0.0037 0.0000] 0.2549 -Q.1567] 0.2549 0.1367]
o 0.0475 0.0000]J -0.2563 0.5983J) -0.2363 -0.5983]J
r. -0.0164 0.0000J -0.1051 -0.1731J -0.1051 0.1731J
] Short Period Short Period
A =-1.8994-2.9561] A=-1.8994+2.9561J
- 0.0056  -0.0083J 0.00356 0.0083J)
! -1.0000 -0.4514J -1.0000 0.4514]
-0.0007 0.0052] -0.0007 -0.0052]
: -0.0011 -0.0010J -0.0011 0.0010J
0.0000 0000] 0.0000 0.0000]
0.0000 0.0000]J 0.0000 0.0000J
- 0.0000 0.0000] 0.0000 0.0000J
S 0.0000 0.0000J] 0.0000 0.0000]
] eigenvector. Although the reconfigured gains provide positive steps toward regaining
a the undamaged response, full performance recovery was not obtained due to the
N undesirable orientation of the longitudinal right eigenvectors.
L)
: 2. Case B
N Figures 8.10 and 8.11 show the damaged longitudinal responses for the 50%
X symmetric degradation case. Tables 17 and 18 depict the perturbed full order and
o aircraft eigenstructures respectively. Table 19 shows the null space residuals. Note
;
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TABLE 14
CASE A NULL SPACE RESIDUALS
RES.=Y lle ;]| = 0.36547E-01
RES =) [le; 4[| = 0. 12511E+03
Mode ewilo lleyslls
2=Norm XV -Norm 2-Norm WVnorm
ShPer Q.34926E-02 0Q.31823E-02 0Q.33484E+02 0.23673E+02
' ShPer 0.34926E-02 0.31823E-02 Q.33484E+02 0.23673E+02
'y P11D_ 0.29547E-02 0Q.26955E-02 0.37790E+02 0.26721E+02
b DRoll Q.43344E-02 0Q.36901E-02 Q.9Q522E-Q02 0.70056E-13
: DRoll 0Q.43344E-02 0.36901E-02 0.90522E-02 0.70056E-13
' FPhug 0. 19289E-02 0. 17545E-02 0. 10999E+02 0.77762E+01
¥3D_ - Q.21797E-02 0Q.19839E-02 Q.68938E+01 0.48743E+01
. Roll 0.43476E-02 0Q.37847E-02 0. 10488E+0Q0 0.17306E-12
nd SPhug 0.29235E-03 Q.26580E-03 Q. 150S57E+01 0. 12600E+01 |
v Filtr Q0.68759E-Q4 0Q.52844E-Q4 0.20671E-01 0.11079E-14
3 Filtr Q.14587E-02 0.13553E-02 0.11536E-01 0.14597E-14 |
. Filtr Q.72043E-02 0.65518E-02 Q.69335E+00 0. 12940E-0S
Filtr Q.28572E-11 0Q.20878E-11 0.27317E-01 0.338S2E-15
Filtr Q.25527E-12 0Q.17498E-12 0.23157E-01 0.56116E-08 !
Filtr Q.45755E-03 0.45448E-03 0.51955E-Q1 0Q.65734E-15 |
Spira Q.89445E-10 0.78303E-10 0.00000E+00 0. 000Q0E+Q0
Filtr 0.49205E-12 0.38527E-12 0.00000E+0Q 0. 0Q00Q0E+Q0
Filtr 0.0O000OE+00 0.0QOOQE+00 0.0000CE+00 0.00000E+00

that the bad acrors are again the short period, fast phugoid, and the same filter modes
as Case A. Additionally note the doubling of the residual sums from Case A to Case

B. The design procedure noted above for Case A was repeated for this case. Tables 20

and 21 show the reconfigured feedback gains and aircraft eigenstructure for Case B.
Figures 8.12 and 8.13 show the reconfigured responses.

The lack of full performance recovery is more clearly demonstrated in these
reconfigured responses. Note that although the reconfigured phugoid (A = -0.3699)
eigenvalue is a 26.25% improvement over the damaged eigenvalue position (A =
-0.293), it is 27.73% slower than the undamaged value of -0.511. The reconfigured
short period eigenvalue (A = -1.505 £j3.013) has not been shifted and has less modal
coupling to vertical velocity (-1.0000 j0.8656) than the undamaged short period
modes (-1.0000 =*j1.17738). The response curves also indicate that although the null
space constraints have been met, performance has not been fully recovered due, in
part, to the reorientation of the phugoid and short period right eigenvectors.
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RECONFIGURED FEEDBACK GAINS FOR CASE A DAMAGE
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Spiral
A =0.0029
0.0047 0.0000]
-N.0004 ).0000]
0).0000 0.0000]
0.0000 0.0000]
-0.7769 0.0000]
-0.0494 0.0000J
-0.0029 0.0000]
-1.0000 0.0000J
Roll
A=-2.8919
0.0000 0.0000]
.0000 0.0000]
0.0000 .0000]
0.0000 0.0000]
-1.0000 0.0000]
-0.0057 0.0000J
-0.0475 0.0000J
0.0164 0.0000J
Short Period
A=-1.8758-2.9291J
-(0.0222 -0.0128J
-1.0000 -2.3686]
0.0129 0.0014J
-0.0023 -0.0029]
-0.0014 -0.0010
0.0000 0.0000J
0.0000 0.0000J
0.0000 0.0000J

TABLE 16

Phugoid
A=-0.0183+0.0000J

1.0000 N.0000]
-0.0349 1.0000]
).0000 1).0000
0.0000 0.0000J
0.0000 0.0000J
0.0000 0.0000]
0.0000 0.0000]
0.0000 0.0000J

Dutch Roll
A=-1.8693-2.6152J

0.0000 0.0000J
0.0000 0.0000])
0.0000 0.0000J
0.0000 0.0000J
-1.0000 -0.0130J
-0.0026 -0.0042]
0.0099 0.0042]
-0.0029 0.0017]

Short Period
=.1.8758+2.9291J

200222 0.0128)
10000 2.3686]
0.0129  -0.0014J
-0.0023  0.0029]
20,0014 0.0010]

0.0000 0.0000]
0.0000 0.0000J
0.6000 0.0000]

Phugoid
A =-0.4616-0.0000]
-0.3260 0.0000]
1.0000) ) 0000J
0.0017 0.0000]
-0.0037 0.0000]
-0.0002 0.0000]
0.0000 0.0000J
0.0000 0.0000]
0.0000 0.0000]
Dutch Roll
=.1.8693+2.6152)
0.0000 0.0000]
0.0000 (.0000
0.0000 0.0000]
0.0000 0.0000]
-1.0000 0.0130]
<0.0026 0.0042]
0.0099 -0.0042]
-0.0029 -0.0017]

CASE A RECONFIGURED AIRCRAFT EIGENSTRUCTURE

The design procedure. for Case B was therefore modified to enhance
performance recovery in the following wav. Inspection of the left residual null vector,
g, for the short period, phugoid, and P11D filter modes revealed that the residuals
were predonmunantly due to the real part of the null vector.
norm of the residuals, the real parts of fast elements (9-43,45,47) were therefore
unrestricted during the minimization.
eigenvector which corresponded to the faster actuator and sensor modes, were allowed

to assume the dominant role in the orientation. Upon completion of this minimization,
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Figure 8.8 Case A Reconfigured Pitch Attitude Response.
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" Figure 8.9 Case A Reconfigured Pitch Rate Response.
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final values of RES, = 0.07127 and RES; = 72.7 were obtained. Again note the right
residual sum, RES , indicates that the new right eigenvectors remain in the allowable
right null space. The fast eigenspace was inserted into the thirty-seven fast modes in a
similar fashion as before and the reconfigured gains were recomputed.

The resulting eigenstructure revealed that performance had improved
somewhat but additional recovery was required. The fast phugoid. short period. and
P9D tiiter modes exhibited short {alls when compared :o the undamaged modai
structure. As noted previously, a procedure at this point would be to compare the
present right eigenvectors with those which give rise to performance recoverv but
perhaps a penalty in the eigenvalue location. One such design was performed in the
following fashion. By modifving the objective function during the ADS minimization
to represent the absolute value of the sum of the components of the left null vector. €,
a different set of right eigenvectors was computed. As these particular eigenvectors
gave rise to a RES; = 199.5 and RES, = 0.0066, the resulting closed loop eigenvalues
were not exactly invoked due to the value of RES; . However. the response of the
system exhibited better performance recoverv. Upon comparing the slow phugoid,

short period, and P9D filter modal structures with these better performing structures,

noted differences in the structure were evident. Therefore, the right eigenvector modes
for the slow phugoid. short period, and P9D filter were replaced with the better
performing vectors which gave rise to better performance recovery. The new
reconfigured gains and aircraft eigenstructure are shown in Tables 22 and 23. The
responses are shown in Figures 8.14 and 8.15. Note the shift of the phugoid to
-0.43006 and the modal structure of the short period. The slow phugoid has been
shifted to 84.1% of the undamaged value vice 72.4% in the first Case B design. This is
a 26.8% increase over the damaged slow phugoid location vice a 15.1%0 increase in the
first design. Note the improved responses in Figures 8.14 and 8.13.

This particular method of performance recovery is not to be taken as a
standard by any means. It is simply one which was successful for the design problem
at hand. Further research would entail developing a more svstematic procedure for
recovering desired performance. For example. if one were to simply insert the
undamaged modal structures for the slow phugoid, short period, and P9D filter,
performance would improve but at the expense of the slow eigenvalue locations.

In summary, one converged on an allowable eigenvector set which will invoke

eigenvalue locations via the feedback gain equation but lacks full performance recovery
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in the short period and slow phugoid modes. Performance recovery was obtained by
comparing modal short falls with a right eigenvector set which was known to give rise
to better performance recovery and then inserting the better performing modal
structures. Feedback gains were then recomputed and the responses improved.

F. THE ASYMMETRIC DEGRADATION PROBLEM

Asvmmetric stabilator degradation was simulated by linearly decreasing only the

| & & 8 _ ¥

vt al s

nght stabilator control etfectiveness via appropriate modification of the gain matrix.
Tables 24 and 25 show the perturbed full order eigenvalues and aircraft eigenstructure
respectively. The predominant change in the location of the eigenvalues occur in the
slower phugoid (A = - 0.464) and short period modes which is the same pattern as
Case A. The significant difference however between Case C and the symmetric cases
lie in the eigenvectors of the aircraft modes. Note the modal cross coupling for all the
aircraft modes in Table 25. The significant cross coupling terms are noted as the roll
mode coupling to vertical velocity, the short period coupling to side velocity, the spiral
mode coupling to forward velocity, and dutch roll mode coupling to vertical velocity.
Figures 8.14 through 8.17 show the resulting damaged responses to the 1.0 in 3.0 sec
longitudinal command. The longitudinal responses are rather benign, however the
resulting undesired bank angle and vaw rate responses are clearly depicted. This bank
angle and vaw rate coupling was of course not present for the svmmetric degradation
cases.

A solution method posed for this problem involves a superposition technique.
Since the 25% symmetric case has been solved, one alreadv has computed the gains
which reconfigure such a system. A superposition technique would allow one to use
the portion of these gains which would symmetrically balance the asvmmetric control
deficiency. Once the aircraft has regained its undamaged response, these balancing
gains would then be removed and the gain values would be reset to their unperturbed
values. The decision as to whether the aircraft had regained its undamaged
longitudinal structure could then be based on the presence of roll or yaw. If one used,

for example, bank angle sensing as decision criteria, one in effect has designed a roll

detection reconfiguration controller. This type of controller was used as a solution
technique. Note that this technique is actually a digital switch which is evident upon
examining the reconfigured responses in Figures 8.16 through 8.19. A system
advantage of such a controller might be that one would be required to store symmetric
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Figure 8.10 Case B Damaged Pitch Attitude Response.

110

c e p - '_.'.'.: e ’ .
/ I Iy n",\'d\? g \\ -.‘_-,'- 2" 4‘




LEGEND
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Figure 8.11 Case B Damaged Pitch Rate Response.
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reconfiguration gains only. Asymmetric reconfiguration could then be invoked by a

roll detection switch. Figures 8.16 through 8.17 depict the reconfigured responses
subsequent to such a reconfiguration technique. Table 24 shows the reconfigured gains
which are invoked during the time the aircraft is experiencing unacceptable bank
angles. Note that the bank angle response. although oscillatory, exhibits far less
coupling. The vaw rate response is also oscillatory and has decreased in amplitude.
Additional research would involve investigating the origin of the osciilation and
perform a smoothing of the responses. The important item here is that the technique
exhibits successful regaining of the undamaged bank angle response. One would then
be able to solve several asymmetric problems using the corresponding svmmetric
solutions.
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TABLE 17
CASE B(50% SYMMETRIC) DAMAGED C-LOOP EIGENVALUES

S-Plane Roots

Z-Plane Roots
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° TABLE 18
) CASE B (50°% SYMMETRIC DAMAGE) AIRCRAFT
. EIGENSTRUCTURE ;
A
Spiral Phugoid Phugoid
‘ A =0.0029 + 0.0000] A =-0.0216+0.0000] A =-0.2929 + 0.000J
- 0.0000 0.0000] -1.0000 0.0000J 0.8985 0.0000)
0.0000 0.0000J 0.0575 0.9000J -1.0000 0.0000J
o 0.0000 0.0000J 0.0000 0.0000J -0.0016 0.0000]
) 0.0000 0.0000J -0.0001 0.0000J 0.0056 0.0000J
N 0.7766 0.0000] 0.0000 0.0000J 0.0000 0.0000]
. 0.0494 0.0000] 0.0000 0.0000] 0.0000 0.0000]
. 0.0029 0.0000J 0.0000 0.0000] 0.0000 0.0000]
- 1.0000 0.0000J 0.0000 0.0000J 0.0000 0.0000J
' Roll Dutch Roll Dutch Roll
E- A =-2.8796 + 0.0000] A =-1.8680-2.6153] A=-1.8680+2.6153]
N 0.0000 0.0000J 0.0000 0.0000J 0.0000 0.0000J
N 0.0000 0.0000J 0.0000 0.0000] 0.0000 0.0000]
0.0000 0.0000J 0.0000 0.0000] 0.0000 0.0000]
0.0000 0.0000]) 0.0000 0.0000J 0.0000 0.0000]
1.0000 0.0000]) 1.0000 -0.8315] 1.0000 0.8313]
0.003 0.0000] 0.0061 0.0020] 0.0061 -0.0020]
0.0473 0.0000J -0.0134 0.0041] -0.0134 -0.0041]
N -0.0164 0.0000] 0.0014 -0.0041J) 0.0014 0.0041]
N Short Period Short Period
A =-1.5271-3.0560] A=-1.5271+3.0560]
3 0.0300 0.0098] 0.0300 -0.0098)
» 1.0000  -3.2090] 1.0000 3.2090J)
Y -0.0157 -0.0023) -0.0157 0.0025]
) 0.0027  -0.0038] 0.0027 0.0038]
0.0000 0.0000] 0.0000 0.0000]
0.0000 0.0000] 0.0000 0.0000J
0.0000 0.0000] 0.0000 0.0000)
i 0.0000 0.0000J 0.0000 0.0000J
)
N
:
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TABLE 19
CASE B NULL SPACE RESIDUALS

RES,=) lle.4ll, = 0.71177E-01

RES;=) llg;;ll, = O.24853E+03
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TABLE 20
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RECONFIGURED FEEDBACK GAINS FOR CASE B DAMAGE
R
000E + 00
Q00E + 00
000E +00
OOOE =00 !
OOOE +90 |
QOOE - 00 l
000E + 00
000E + 00
689E + 00
689E + 00
C2
748E-03
748E-03
E+00
E+0Q0
OE + 00
QE +00
QOE + 00
0OE + 00
QE + 00
00E + 00
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000
000
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¥ TABLE 21
CASE B RECONFIGURED AIRCRAFT EIGENSTRUCTURE |
1 Spiral Phugoid Phugoid
A =-0.0029 A =-0.0202 + 0.0000J] A =-0.3699 + 0.0000J
A 0.0298 0.0000] -1.0000 0.0000] 0.6586 0.0000J
- -0.0017 0.0000J 0.0533 0.0000J -1.0000 0.0000J
0.0000 0.0000J 0.0000 0.0000J -0.0019 0.0000J
0.0000 .0000J -0.0001 0.0000J 0.005 0.0000J
-0.7768 0.0000J 0.0000J 0.0002 0.0
-0.0494 0.0000] 0.00 0.0000J 0.0000 0.0000J
-0.0029 0.0000] 0.0000 0.0000] 0.0000 0.0000J
-1.0000 0.0000J 0.0000 0.0000J 0.0000 0.0000J
Roll Dutch Roll Dutch Roll
A=-2.8796 A=-1.8682-2.6152] A=-1.8682+2.6152]
0.0000] 0.0000 0.0000J 0.0000 0.0000J
0.0000 0.0000J 0.0000 .0000 0.0000 0.0000]
0.0000 .0000] 0.0000 0.0000J 0.0000 0.0000J
0.0000 0.0000J 0.0000 0.0000J 0.0000 0.0000J
1.0000 0.0000J -1.0 1.2638 -1.0000 -1.2638]J
0.0037 0.0000] -0.0079 -0.0008]J -0.0017 0.0008J
0.0472 0.0000J 0.0152 -0.0083J 0.0090 0.0085J
-0.0164 0.0000J -0.0006 0.0034 -0.0033 -0.0034J
Short Period hort Per
A=- 15032301341 -—-15052+3 0134J
-0.0085 -0.0096] -0.0085 0.0096)]
-1.0000 0.8656] -1.0000 -0.8656]
0.0046 0.0041] 0.0063 -0.0041J
-0.0017 0.0007] -0.0018 -0.0007]
-0.0004 0.0000J -0.0004 0.0000J
0.0000 0.0000J 0.0000 0.0000]
0.0000 0.0000J 0.0000
0.0000 0.0000J 0.0000 0.0000J
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hp! TABLE 22
_.. PERFORMANCE RECOVERY FEEDBACK GAINS FOR CASE B
K DAMAGE
g
Q NZ A R
dy RST 0.213E=00 -0.244E + 00 0.184E-02 0.000E - 00
¢ ST O213E+00  -0.24dE =0 0.1S4E-02 O.000E = 00
RLE -0.175E-01 S0 L4SE =91 as01Ea0] A0k =00
. LLE -0.173E-11 ). jsSE~0l U. 300 k-1 DONE - a0
o RTE 0.204E-01 0.12°E+0ul 0.618E-12 0.LOVE =00
b L TE 0.304E-01 0.127E+01  0.619E-u2 0.D00E =00
A 0.000E+00 0.000E + 00 0.000E + 00 0.000E - 00
s LA 0.000E+ 00 0.000E +00 (0.000E + 00 0.000E ~ 00 |
’ R 0.000E+00 0.137E-03 0.000E + 00 0.639E +~ 00 j
= LR 0.000E +00 0.105E-03 0.000E + 00 0.689E + 00 |
P NY Cl .2
b RST 0.240E-01 0.000E + 00 <0.271E-02 0.744E-03
.. ST -0.240E-01 0.000E + 00 -0.271E-02 0.744E-03 ‘
: RLE 0.000E + 00 0.000E + 00 -0.360E-02 0.000E - 00 ‘
S LLE 0.000E + 00 0.000E + )0 -0.360E-02 0.000F -~ 00 x
o RTE 0.192E-01 0.000E + 00 ().222E-02 J.N00E - 00
I\ LTE -0.192E-01 O.000E+00  0.333E.)3 0.000E = 00 .
: RA  0.600E-0} 0.000E ~ 00 0.000E + 00 0.000E + 00 !
A -0.600E-01 O.000E + 00 0.000E = 00 0.000E = O
RR  0.388E+00 0.163E+02 0.000E =00 D000 ~ 00
R 0.388E+00 0.163E+02 0.000E + 00 0.000E =10 :
C3 C4 C3 cé
RST -0.202E-01  -0.208E+00  -0.403E-01 0.000E + 00 ‘
ST -0.202E-01 -0.20SE + 00 -0.403E-01 0.000E =00
RLE -0.267E-01 0.399E-01 -0.333E-01 .-+18E-0] 1
~ { L LE -0.267E-01 0.399E-01 -0.335E-01 0.418SE-01 |
| RTE 0.205E-01 -0.453E-01 0.330E-01 0.1856E-02 )
¢ [ TE 0.203E-01 -0.433E-01 0.330E-01 0.186E-02 }
)] A 0.000E+00 0.000E + 00 0.000E + 00 0.000E + N0
o LA 0.000E+00 0.000E 4 00 0.000E + 00 0.000E =00 |
o RR 0.000E+00  0.000E+00  0.000E+00  0.000E + 00 !
) LR 0.000E + 00 0.000E + 00 0.000E + 00 0.000E =00 |
C7 C8 C9 Ci10
RST 0.145E-03 0.000E ~ 00 0.000E + 00 0.000E + 00 l
LST O0.145E-03 0.000E =00 0.000E + 00 0.000FE + 00 |
'~ RLE 0.233E-02 0.000E + 00 0.000E + 00 0.000E + 00
N [ LE 0.233E-02 0.000F + 00 0.000E + 00 N .000E + )
~ RTE 0.205E-01 0.000E + 00 0.000E + 00 0.000E =00 |
. LTE 0.203E-01 0.000E + 00 0.000E + 0u 0.000E + 00 |
N A 0.000E+00 0.000E + 00 0.000E + 00 0.000E + 00 |
™ [ A Q.000E+00 0.000E + 00 0.000E + 00 0.000E + 00
R 0.000E+00 -0.856E-02 -0.494E-02 0.CO0E + 00
y LR 0.000E + 00 -0.836E-02 -0.494E-02 0.000L + 00
~ Cll Ci2
™, RST 0.000E + 00 0.000E + 09
N [ ST 0Q.000E + 00 0.000E + 00
N LE 0.000E+ 00 0.000E + 00
' LLE 0.000E + 00 0.000E + 00
W RTE 0.000E+00  0.000FE +00
L TE 0.000E + 00 0.000E + 00
" RA  0.000E+ 00 0.000E+00
LA 0.000E+00 0.000E + 00
. RR  0.317E-02 0.000E + Q0
”, LR 0.318E-02 0.000E + 00
5
L
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TABLE 23
CASE B PERFORMANCE «ECOVERY AIRCRAFT EIGENSTRUCTURE
Spiral Phugoid Phugoid
A =-0.0029 A =-0.0182+0.0000J] A =-0.4301+0.0000J
0.0002 0.0000J -1.0000 0.0000J 0.3162 0.0000J
0.0000  0.0000] 0.0490 0.0000] -1.0000 0.0000J)
0.0000  0.0000] 0.0000 0.0000J -0.0019 0.0000J
(0.0000J -0.0000 0.0000J 0.0045 0.0000J
0.7394  0.0000J 0.0000 0.0000J 0.0003 0.0000J
0.0494 0.0000J 0.0000 0.0000] 0.0000 0.0000J
0.0000  0.0000] 0.0000 0.0000J 0.0000 0.0000J
1.0000 0.0000J 0.0000 1.0000J 0.0000 0.0000J
Roll Dutch Roll Dutch Roll
A=-2.8797 A =-1.8682-2.6152) =-1.8682+2.6132J
0.0000  0.0000J] 0.0000 0.0000] 0.0000 .0000J
0.0000  0.0000] 0.0000 0.0000J 0.0000 0.0000]
0.0000  0.0000J 0.0000 0.0000] 0.0000 0.0000J
0.0000  0.0000] 0.0000 0.0000J 0.0000 0.0000J
-1.0000 0.0000J -1.0000  -2.43 -1.000 2.4534]
-0.0037 0.0000J 0.007 -0.0107] 0.007 Q.0107J
-0.0472 0.0000] -0.0002 0.0286J -0.0002 -0.0286]
0.0164 0.0000J -0.0072 -0.0052] -0.0072 0.0052J
Short Period hort Period
A =-1.4342-3.1480] =-.1.4342+ 3.1480J
-0.0139 0. 008"] -0.0159 -0.0082J
-1.0000 -1.7481] -1.0000 1.748 1]
0.0092  -0.0038J 0.0092 0.0033J
-0.0021 -0.0020] -0.0021 0.0020]
-0.0004 0.0000J -0.0004 0.0000]
0.0000  0.0000J 0.0000 0.0000]
0.0000  0.0000] 0.0000 0.0000]
0.0000  0.0000J 0.0000 0.0000]
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CASE C(25% ASYMMETRIC) DAMAGED C-LOOP EIGENVALLUES
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CASE C (25%

Spiral
A =0.0029 + 0.0000J

-0.0222 0.0000]
0.0012 0.0000J]
0.0000

-1.0000 0.0000J
Roll
A =-2.8978 +0.000]

-0.0165 0.0000]
Short Period
A=-2.0921+2.8524]
-0.0027 -0.00873
1 0

0000 -0.0450]
00015 0.0033]
0.0013  -0.0003]
20.0491  0.0123]
-0,000L  0.0002
00012 0.0000]

ASYMMETRIC DAMA
GE: RE

EIGENSTRUC TL
Phugoid
A =-0.0179+ 0.0000J
-1.0000 0.0000J
0.0561 0.0000]
0.0000 0.0000]
0.0000 0.0000J
0.0016 0.0000
0.0001 0.0000]
0.0000 0.0000]
0.0024 0.0000J
Dutch Roll
A=-1.8697-2.6156]
-0.0001 -0.00
-0.0526 0.02
0.000?2 0.0002]J
-0.0001 0.0000J
1.0000 -2.3749]
0.0126 -0.0021J
-0.0196 0.0197])
-0.0014 -0.0085J

Short Period
A=-2.0921-2.8524]

0.0027  0.0087
1.0000  0.0450]
20,0015 -0.0035]
0.0013  0.0004]
-0.0491  -0.0123]
-0.0001  -0.0002]
00012  0.0000]
-0.0002  0.0003]

GE) AIRCRAFT

Phugoid
A =-0.4641+0.000J
-0.4041 0.00
1.0000 0.0000
0.0016 0.0000
-0.0034 0.0000
-0.0030 0.0000
0.0001 0.0000
-0.0010 0.0000
0.0021 0.0000
Dutch Roll
A=-1.8697+2.6156
-0.0001 0.0006
-0.0326 -0.0220
0.0002 -0.0002
-0.0001 0.0000
1.0000 2.3749
0.012 0.0021
-0.0196 -0.0197
-0.0014 0.0085
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IX. CONCLUSIONS AND RECOMMENDATIONS

Applications of eigenstructure assignment to design of robust decoupling and

e A

reconfiguring controllers has been shown to be an alternative tool for the control

Tah e
- -

svstem designer. A level of sophistication over conventional design techniques is

1 X'

required Jue o the computational problems which arise from iugh order systems.

Specificallv, the majority of the computational complexities arise from the vast degrees

/

of freedom for eigenvector orientation available in hvperspace. As the designer must

o

iy
eFat

clearly be aware of the modal structure of the svstem at hand, the technique is not to
be envisioned as a black box design algorithm. The designer must become an active
participant during all steps of the design. Further research is recommended in the
following areas:

a. Further investigation into obtaining performance recoverv via modified
objective functions for the reconfiguring controller problem is warranted.

b. Developing more efficient optmization schemes for convergence to reoriented
eigenvectors. This will allow the researcher to more actively engage in the study
of the theoretical aspects of eigenstructure assignment by reli€ving the burden
of computational time required Tor such convergence.

¢. Additional research into analvzing the solution to the asvmmetric_degradation
problem is required for refinement of the technique.” Research dbjectives
associated with this tvpe of damage would also involve modeling the cross
coupling of stability and control derivatives for several coupling scenarios.

d. Application of eigenstructure ussignment to design of robust observers and
rggon}t}xgurmg damaged observers 1s a natural extension cf the work reported in
this thesis.

In summary, applications of eigenstructure assignment to damaged controllers

has been shown to provide sclutions to a specific class of aircraft damage. Solution
techniques ta the asvmmetric and symmetric degradation problems must be further
refined before progressing to the combined actuator, sensor, control surface

degradation scenarios.
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APPENDIX A

NOTATION
¢ T No. of states
o o S No. 2 inputs
e e e e e e No. of outputs
e e et e e e e No. of commands
- Plant Matrix (nxn)
;25 Control Matrix (nxm)
C o e Output Matrix (/xn)
Do Feedforward-Output Matrix {/xm)
F oo Feedback Gain Matrix (mx/)
Gl.ovvr Feedtwd Command-State Matrix (nxc)
G Feedfwd Command-Input Matrix (mxc)
X o e e e Right Eigenvector Matrix (nxn)
A e Diag matrix of c-loop eigenvalues
T o e Left Eigenvector Matrix (nxn)
R [dentity Matrix (nxn)
A Closed Loop Eigenvalue Matrix (nxn)
AT Transpose of matrix A
ATl Inverse of matrix A
AT Pseudo-Inverse of matrix A
SVD(A). ... Singular Value Decomposition of matrixA = L'a"‘:aVaT
e e e e Diag matrix of singular values
P ith closed loop right eigenvector
S dx/dt
XK oo e e e discrete state variable
L Y ith closed loop left eigenvector
25 output vector
1T control input vector
A ith closed loop eigenvalue
O  vvveii, P Max singular value
O T I Min singular value of rank(m) matrix
BANy oo Matrix Spectal Norm of matrix A
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;

Ixflge oo e Euclidean Norm of vector x

LOorN. e, Null Space

L T e e e dimension of ( )

OO Null Matrix of order nxn
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5 CONSTRAINTS ON EIGENSTRUCTURE SPECIFICATION
X
7 In order to show the constraints on the specification of the closed loop
- elgenstructure, rewrite cquaton 3.00 n the toilowing way,
x'j
- BFC = Xax!.a (eqn B.1)
%
N,
; Post multiplying equation B.1 by X vields,
__-’
& BFCX = XA - AX (eqn B.2)
&
-
" Now let us define an 'n x n’ transformation matrix, Q'1 [Ref. 23], such that B is
:‘: transformed into a matrix with the ‘mxm’ identity in the first ‘m’ rows and an n-m x
r. <
';: m’ null matrix in the bottom ‘n - m’ rows,
<%
.\"
~ Q= {B|L,) ezA™" (eqn B.3)
. _
2 Q I B (eqn B.4)
D ()
:’--
- 1 )=q's (eqn B.5)
m qn B.J,
~
o ()]
-7 : . . : :
~ Further, use the transformation matrix Q to define the following similarity
“»
. transformations,
I
v cQ=cY (eqn B.6)
‘~
¥ ! 0
. Q'X=X (eqn B.7)
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Qlaq = A0 (eqn B.8)
Pre multiplying equation B.2 by Q'l yields,
QIBFcX = @'lxAa - Qlax (eqn B.9)

Noting that Q‘IB results in the lead identitv matrix discussed previously and

subsutuung the simuiarity torm ot X vields,

I,JFcQx® = @'lxa - Qlagx® (eqn B.10)

o
Further substituting the similarity forms for C,X, and A into equation B.10 yields

the similarity form of equation B.2,
I_JFco%x0 = x% . A0xO (eqn B.11)

o
In order to simplify the analysis, let us remove the superscript notation for the
similarity transformations from equation B.11 . Equation B.11 is then partitioned into
upper and lower blocks.
The upper half left hand block of equation B.11 becomes,

FCXpxi = XmxiB1 - Amxn¥ny (eqn B.12)

where the subscripts denote the row and column dimensions of the respective matrices.

Solving for F from equation B.12 yields an exact solution for F,

F=(Xp A - A (CX )] (eqn B.13)

mxnxm(l)

The lower block of equation B.11 vields the following equation,

Qn-mxl = xn-mxlAl - An-mxnxnx1 (eqn B.14)
135
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Equation B.14 reveals that there are 'n - m’ equations with 'n" unknowns for each
closed loop eigenvalue ki. Each of the ‘I’ system of equations is therefore
underspecified and one can only specify ‘m’ elements of each column of X, This is
of course the classic result of Srinathkumar [Ref. 11] which is stated in Chapter II.
Equation B.13 is the result noted in the work by Srinathkumar [Ref. 11] and Sobel and
Shapiro [Ref. 22]. The expressions presented in Table I of Chapter Il as noted
sreviously are least square <oiutions {or the feedback zmns. Note that if dne Jjesires to
invoke ‘n' eigenvaiues and ‘n’ c¢lements of the eigenvector in equation B.il. then
equation B.13 also becomes a least square solution due to CX ., becoming non
square.
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APPENDIX C
EIGENS

RN NN RN RSN A NN RN AN NSRS RRATANNT RS SN NRN AN NP AN AR SRR N AR NSNS

OO0 0000000000000000g0

ZIGENVALUE/EIGENVECTOR ASSIGNMENT VIA MOORE "1976)

AND XAUTSKY.ET.AL. (1985) ALGORITHMS. PRESENT PROGRAM

ACCOMODATES LTI 3YSTEMS WITH STATE OR CQUTPUT FEEDBACK.

MOORE ALGORITHMS ONLY ACCOMODATE SYSTEMS WITH REAL,DISTINCT.

& CONTROLLABLE EIGENVALUES AND STATE FEED. KAUTSKY ALGORITHM

WILL ACCOMODATE SYSTEMS WITH COMPLEX CONTROLLABLE EIGENVALUES

AND WILL FIND ACHIEVABLE EIGENVECTORS ASSOCIATED WITH DESIRED

C-LOOP EIGENVALUES FOR BOTH STATE AND QUTPUT FEEDBACK.

ADDITIONAL OPTIONS INCLUDE USING THE ADS OPTIMIZATION ROUTINE

FOR: 1. MINIMIZING THE CONDITION NO. OF THE EIGENVECTOR
MATRIX. (PRESENTLY NOT WORKING)

. MINIMIZING THE SINGULAR VALUE OF THE RETURN
DIFFERENCE MATRIX WITH THE CONSTRAINTS OF A DE-
SIRED EIGENSTRUCTURE.

0

CDR V.F. GAVITO
APRIL 1988

CHAARNENEN NI AN AN NN R ARSI R NN NN RERRNN AR AR NN RRAR A NON AT RN NN NN

c
c
c

DEFINITIONS

RN AR IR NN A AN SN NN N AN AN RSN RANNN N NN RN ARG AN NI RAN AR N

OO0 OO0 00000000000000000000000000000000

A PLANT MATRIX (N % MY
AT = A TRANSPCSE (N X N)
B s CONTROL MATRIX (N X ™)
8DEL = DAMAGED CONTROL MAT (N X M)
C = OUTPUT MATRIX (L X N)

D s PEED FORNWARD MATRIX (LXM)
€IG = 0-LOCP EIGENVALUES (N X 1) COMPLEX VECTOR
EIGO = O-LOCP EIGENVALUES (N X 1) (REAL PART)

EIGOl » Q-LOOP b (N X 1} (IMAGINARY PART)
EIGD = DESIRED C-LOOP EIGENVALUES (N X 1) COMPLEX VECT
EIGDD « DESIGN C-LOOP EIGENVALUES * M "

EIGREC s C-LO0P EIGENVALUES OF RECONFIGURED SYSTEM
SLAMBDA & <LAMDMANI-A B>

RANK] « R<SLAMBDA>

RANKZ » R<C>

VD = DESIRED BASE EIGENVECTORS (N X N)
V s DESIGNED BASE EIGENVECTORS (N X N)
VRECON » EIGENVECTORS (NORMAL!ZED) OF RECONFIGURED SYSTEM
CV = <Comev> (L X N)

L] ®  CaV FOR EACH EIGENVALUE (L X N)
WC1,2.3.,4,% = WORK COLUMN VECTORS (1 X N)
WH1,2.3.4.5.6 v WORK MATRICES (N X N)
7.8,9.10,11.12s " " -
WK1.2.5.4.8 & WORK AREAS FOR EIGRF
W = FREQUENCY (RAD/SEC)
w s - hd FOR DISSPLA COMPATIBILITY
K = | (POR FORCING EQUALITY RELATION FOR
UNCONTROLLABLE EIGENVALUES)
P o FEEDBACK GAIN MATRIX (M X L)
FC = COMPLEX FEEDBACK GAIN MATRIX (M X L)
FDEL = RECONFIGURED FEEDBACK GAINS (M X N)
ADF = C-LOQP MATRIX A * BF
ICTR » CONTROLLABILITY PLAG FOR O~LOOP EIGENVALUES
IFEED « FEEDBACK FLAG
1 & FULL STATE FEEDBACK
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OO0 000 0000000000000

2 s QUTPUT FEEDBACK

§ = OUTPUT FEEDSACK PLUS FEED FORWARD
SF = SINGULAR VALUE VECTOR FOR FEEDBACK GAINS
S1 » SINGULAR VALUE VECTOR 1
2 s SINGULAR VALUE VECTOR 2
SVM s MIN SINGULAR VALUE OF [ « FQ
SVM1 = MIN SINGUWLAR VALUE OF [ ¢« GF

SYMAX & MAX " " " 1 +FQ
SVMAXL » " “ " 1 e« GF
SYMP = MAX " b - “ FG FOR DISSPLA COMPAT

SMREC = MIN 5.V. OF RECONFIGURED SYSTEM (A SINGLE VALUE)

WRED s FREQUENCY CF SMREC

JYI.VI 2 ORTHOGONAL MATRICES COMPUTED SY CSVvD FOR IvD OF
RETURN DIFFERENCE MATRIX

UIF,VIF s ORTHOGONAL MATRICES COMPUTED B8y LSVDF FOR SvO QF

FEECBACK GAIN MATRIX

2+21,22:23.24.25 s COMPLEX WORK AREAS

UTSLAM » UNxTRANSPOSE OF SVD OF SLAMBDA

VRT = UwnTRANSPOSE OF EIGENVECTOR MATRIX

CRRNRSNNENNRE RN NN AN A RN EARANANA NN NN AN R E AU RN SRR AR AN NN TN AR B RN NNN

c
c
[~

DIMENSION STATEMENTS

N0 90 D6 000000000 OO0 000 5000500000 0 0000 00 00 00 OO0 0 Do NS00 0 NN BN R NN NN NN NN

c

<
KS000 90 0050000000000 OO0 0000 O 0000000000 O 0000000000008 9690 00 000090 00 00 99 90 20 30 5056 06 90 08 09 00 90 0% o0 96 90 50 19 % 90 08 98 ¢ 90 94 9% 0 90
c
c
c
CHERMENERINERN RN RA BTN RN AN RRN AN NN AT TN RRI AR AR RA SR H AN ENNIRAN O AN

c

. s PR S

, se S e,
- . .
P U T LT

IMPLICIT REALB(A~M.P=2}

REAL"S A(10.10).8(10,10).C(10.10).£1G0(20),EIGV(10,10).E1G02(20).
1P(10.10).FSAVE(10.10),.8DEL(10.10).FDEL(10.10).WMB(10.10).
SWC1(10).WC3L10) . WCG(10).WCS(10}.F(10,10).CV(10.101,WM9(10.10),
SUNITY(10,10),W(20003,SVM1(2000),SVMAX1{2000).WM10(10.10),

GWMS (10,103, WM5(10.103.UTSLAM(10.10).VRT(10,103.WMi1(10.10),
SWK2(280),ABFDEL(10.10).0(10,10).WAREA2(10.10),WM12(10.10),
STEIGR(I0).TEIGI(10). TEIGVR(10.10) . TEIGVI(10,10)+AT(10.102,WKS(20?.
TWME(10.10).WM7(10.10).SVM(2000).EIGVD(10.,10).S5(10).SVMAX(2000)

DIMENSION COMC10).TITLE(Z0).WP(2000),.SVMP(2000)

COMPLEX®16Z2(10.10).21¢10).22(10.10).283€10),24(10.101.25(10).
LE1GC10).¥C13.,10),€16DC10).E100D(10).€110.,10).vDL10.107.

2 UNITYC(10.10),2N.VIF(10.10),EIGREC{10).VRECON(10.10).
3 FCC10.10)

REAL®E WM1(10,10),WK1(20} WKG(20),ABF(10.10).3LAMDA(20,20),
1WM2(10,102,S1¢10).WK(20),VR(10.10).S2(10).WC2(10) . WKAREA(IS0},
TWME(10.10).WAREAL(250),VSAVE(10.10).VRS(10.10).57(10),U1IK(10.10)

INTEGER IWK(10).ICTR(10).N.M.L.IFEED

INITIALIZE ALL MATRICES

pDO11+=1.10
IWKCI} = @
ICTR(1) = O
WC1(1) = 0.DO
WC2(1) » 0.D0
WC3(1) = 0.DO
WC4(l) = 0.D0
WCS(1} = 0.00
$i(1) = 0.00
32(1) = 9.D0
$3(1) = 0.00
TEIGR(!) » 0.00
TEIGI(I) « 0.00
comM(l) = 0.00
002 J = 1,10
ACl.d) » 0.00
8(t1.J) » 0.00
C(t,J) = 0.00
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D(I.4) « 0.D0
F(1.J) = 0.D0
CVtL.J) = 0.00
SLAMDA(T,J) = 0.D0
UTSLAM(L.J) = 0.DO
VRT(1.J) = 0.00
EIGVD(I.4} = 0.DO
vD(I.J) & (0.00.0.D0)
V(1,93 = 10.00.0.D0)
VR(I.J) = 0.00
VRS(1.4) » (0.00.0.00)
ABF(I.4) = .00
AT(1.J) = 0.DO
P(I.,4) = 0.00
UNITYITI.J) = 0.00
UNITYC(I.4) = (0.D0.0.00)
VIF(I.J} = 0.00
WM1C(I.J) » 0.D0
wM2(I.J) = 0.00
WM3(l.,J) = 0.D0
WMG(1.J4) = 0,D0
WS {1.J) » 0.D0
WMé(1.J) & 0.D0
WM7(1.J) = 0.00
WMB(I.J) * 0,00
WM9(l.J} = 0.DO
WM1G(I.J) s 0.D0
WM1i(I.Jd) = 9.00
WMIZ(I.J) = 0.00

CONTINUE

1 CONTINUE

00 %1 s 1.30
DOS J = 1.20
SLAMDA(I.J) » 0.D0C

o

L CONT INUE
DO 61 s 1,20
MKC(I) = 0.DO

WK1C(1) =« 0.D0
WKS(L) = 0.090
WK&(1) = Q.00
E€IGO(I} » 0.0
1801(1) » 9.D0

L CONT INUE
00 71 # 1.280
WK2(L) = 0.00
MWKAREA(I} = 0.D0
WAREAL(I) » 0.00

? CONT INUE
o8 sl.10
21(1) » (0.00.0.00)
2301 = (0.D0,0.D0)
Z5(1) @ (0.00,0.00)
EIG(I) = (0.00,0.00)
€1G6D(I) = (0.D0.0.00)
E160D(1) » (0.00.0.00)
DO 9y s 1.t0
€(1.J) » (0.00.0.00)
Z¢1,J) = (0.00.0.00)
2211.J) » (0.00.0.00)
24(1.4) = (0.00.0.00)

’ CONTINUE
] CONTINUE

0O 11 1 ¢ 1,2000
SvMAX(1) = 0.D0
SvM(l) = 0.D0
SVMI(1) « 0.00
SVMAX1(1) » 0.D0
Wil) s 0.B0
WP(l) = 0.0
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). V(1) » 0.0
o 11 conTiNuE
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: [ READ IN DATA

¢

V‘. cl’...'.-.'.....'...-'.'..‘l-II.'.'".."'..l.l.l.l...."I'Illlll"-l.l' .
:, c READ IN OUTPUT TITLE

. ¢ coTo sl
o 2 READC1.16)TITLE
ML 16  FORMAT(2046)
W : READ IN NO. OF STATES. n0. OF INPUTS. NO. OF OUTPUTS, TVPE SEEDEA :

’ READC1.10) N.M.L. IFEED
o 10 FORMAT(412)

z READ IN 4.8.C.0

"; 0020 T s LN

READ(1.18) (A(L.J).Jel,N)
20 CONTINUE
DO 30 I = L.N
READ (1.18) (B(1.J),Jsl.M)
30 CONTINUE
! 00 60 1 = 1.L
) READ(1,18) (C(I,J).Jsl.N)
CONTINUE
IF(IFEED.NE.3)GOTO 22
2 00 51 1 = L.i
51 READ(1.18)(0(T.J).Jsl,M)
18 FORMAT (6#12,51
¢ READ IN DESIRED C-LOOP EIGENVALUES

.
»n
o

FSTLLs
3

9 2 D04l T s 1N
X READ(1.42)E1GD(T)
LS 42 BORMAT(ZF12.5)
“~ 4 CONTINUE
: READ IN DESIRED C v v .
: 0043 I » L.N
e 00 43 J 1 1.L
READ(1.44)E(J.1)
W GG FORMAT(2F12.5)
" 4T CONTINUE :
c AEAD IN DESIRED BASE EIGENVECTORS

DO 4GS I = 1.N
0O 45 J » LN
READ(1,46)VD(J. 1)
1} FORMAT(2P12.5)
4% CONT INUE
cl'IIQIIDIIIIIIIINIIIIIIIlllllllIIIIIllll!.llﬂlllIllﬂIIlQIlIl..lllIlllIl
[
c O1SPLAY INPUT FOR CHECKING
c
cllllllllllllllllI'I.l'lllllllllI!Il'l'.lIlIQIIIIIIUIDIIIIIIII.-IIIIIIII
CALL PRTCMS (°'CLRSCRN '}
MRITE(6.1601TITLE

- WRITE(6.52) [FEED
$2  FORMAT(/SX.‘wenn FEEDBACK FLAG » *.[2.' manw’,/)
L8] WRITE(6.50)
" S0 FORMAT(/10X.'wenn & MATRIX waww',/}
'’ 0O 70 T s 1.N
A WRITEC6.601 (ACT.J).Jnl.N)
¢, €0 FORMATC(IX.$(E12.5.2X))
70 CONTINUE
- WRITE(6.80)
. 80 FORMAT(/10X.'wwns B MATRIX swas’,/)
& D0 100 I s LN
. WRITECE.90) (BCT.J),Jsl.M)
‘.} 90 FORMAT(1X.6(£12.5.2X))
W 100 CONTINUE .
£V WRITE(6.110)
110 FORMAT(/10X, " nunn C MATRIX sunn’,/)
L
e 140
0
Ry
)

K~
~

" R . .

SRS ".‘\
R NN
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!

NN P IR NI

DO 130 1 o }.L
WREITE(6.120) (C(L1.J).Jdmi,N)
120 PORMATCIX. 6 (E12.5,2X))
150 CONTINUVE
WRITE(6.211)
i PORMAT(/10X. ' wunm D MATRIX swns‘,/)
DO 112 ! = L.L
12 WRITECE.120X(D(T.d)edni M)

WRITE(S.150)
180 PORMAT(//710X, ' unus DESIRED BASE TIGENVECTORS FOR USE [N wmen',/
110%. ‘ueen KAUTSKY ALGORITHM OMLY snan‘//

2 A EIGENVECTOR ' .2X, ‘REAL PART' ,6X. ' IMAG PART' ./}
DO 151 [ » L.N
ARITE(5. 15201
153  FORMAT(7X,i2}
00 181 4 = [.N
WRITE(6.152)VD(J.1)
152 FORMAT (13X, E12.5.3X.E12.9)
181 CONTINUE
140  FORMAT(//.20A6)
WRITE(6.160)
160 FORMAT(/10X.‘wnnw DESIRED C-LOOP EZIGENVALUES FOR USE IN wwww®,/
110x%. ‘enan KAUTSKY ALGORITHM OMLY wwunt,//2%
2. "EIGENVALUE' ,2X, ‘REAL PART'.6X. ' IMAG PART'./)
00 185 U = 1.N
WRITE(é.186)].EIGD(IY
196 FORMAT(7X. [2.4X-E1Z.5.3X.E12.8)
155 CONTINUE

CRUNBANNNIRERERANTIR A REN ISR RN RANRATRA NSRRI ANANI AN IR R AU AN ORR RO R NS

c

c CONSTANTS

[+
[ T T LT Ty T Y TYY T
[+

c IDENTITY MATRIX

DO 200 ! s« {.i0

UIs(I.1) » 1.00

UNTTYC(L.(3e1.08

UNITYC(I.{) = (1.00.3.D0)
200  CONTINUE

c GOTO 531

(000,00 000,00 00,00 4000 90 300000 090 00 50 00 00 0000 90000 0000 00010909000 96000 90000 00000 0000 90 0 10 00 0 0000 0 0 000 00 090 0600000 1000 00 00 00 0 Ot
c

c OECIDE ON RECONFIGURATION ANALYSIS OR EIGENSTRUCTURE DESIGN

c

S L T T L L T T P T P T T P YT T I Y]
[ WRITE(6.202)

CO02  FORMAT(/3X, wwws ENTER “1* FOR RECONFIGURATION STUDIES meww'’./SX,
c i tuanw ENTER 2% FOR EJOENSTRUCTURE ASSIGNMENT wa’,/)

c READ(®.313)IRECON

c IFCIRECON.EQ.21G0TO 145

c ISOLN = 3

[+ CALL RECON(A.B.C.F.L.M.N,BDEL.FDEL.EIGREC, VRECON. SMREC . WREC,

c 1 APFDEL)

¢ GOTO 09

(00 9000 00 00 0 10 000 0000001000 040 00 00000000 00 50 000000009090 000 040000 00 OO0 0000000 000 00 0 00 00 00 99 9000 00 0 0000 6 0V 9690 08 M0 00 0
c

[ CALCULATE O-LOOP EIGENVALUES

[
Ly T T P T T LI T I 1Y)
c SAVE A SINCE EIGRF CESTROYS A

188 DO 201 I » }.N
DO 201 J s 1.N
i WML(L.J) & A(T.J)
201 CONTINUE
CALL EIGRF (WML N,10,0.21.2.10.0K1.1ER}
DO 208 1 = 1.N
ElG(l) » 21(1)
EIGO(!) =« DREAL(21(1))
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€I1001(1) o DIMAG(ZI(1)}
208  CONTINUE
MRITE(6.210)
210 PORMAT(//10X.‘'nenn OPEN LOOP EIGENVALUES nauss’,//3X. ' saREALN#’, 18X
w, ' un{MAGNS"* /)
DO 228 I » LN
WRITE(6.220)€160(1).81601(1)

220  PORMAT(1X.E12.8.10X,E12.5)
228 CONTINUE
c RE-INITIALIZE WMl WORK MATRIX

DO 226 1 s 1IN
00 236 J e 1N
“WMCL,g) v 0.0
26 CONTINUE
Clllllllllillllllllllll"lllﬂll'llllllllllll-.lIllll'lll‘Illlll..llll'l-
[+
[+ CHECK 0-LOOP EIGENVALUES FOR CONTROLLABILITY
c
ClIIII.llllllIll'IIIIIIlllIIII-l.IlIIllHIII'IIIIII'IIIIIIHIIIIIIIIIIIIII
DO 260 1 & 1.N
X = DREAL(EIG(I))
IF(€1G0I(1).€Q.0.00)G0TO 22
CALL CCONTRL(AB.UNITYC.N.M.ICTR.EIG.1])
GOTO 260
127 DO 221 J s 1.N
WMLCJ.J] » XSUNTTY(J.J)
pird | CONT INVE
DO 230 J = LN
DO T30 X = 1.N
WM2(JaK) 8 WMI(J.K) = ALJWK)
UTSLAM(J.K) & UNITY(J.K)
%0 CONTINUE
c CALCULATE SLAMDHA(T)
00 260 J » 1.N
DO 260 X & L.N
SLAMDA(J.K) & WM2(J,K)
<60 CONT INUE
00 250 4 » {.N
DO 2SO0 K s 1,M
SLAMBA(J.K*N} ¢ 8(J,K)
280 CONTINUE
c CALCULATE RANK OF SLAMDHA
11 » KeN
CALL LSVDF(SLAMDA.20.N.11.UTSLAM,10.N,S1.WK.[ER)
IF(IER.EQ.3353GCTO 281
ICTR(I) = }
GOTO 260
281 [CTR(I) = 0
%0 CONTINUE
DISPLAY CONTROLLABILITY FLAGS FOR O-LOOP EIGENVALUES
WRITE(6.300)
300 FORMAT(/ /85X, 'O-LOOP EIGENVALUE CONTROLLABILITY FLAG (1lsvY)'}
00 316 [ = I.N
WRITE(6.320) EIGO(L).EIGOI(I).ICTR(L)
320 FORMAT(IX,E10.8,1X.E10.5,'J"' . 14X, 2}
si¢ CONTINUE

c DECISION FOR REINSERTING EIGENSTRUCTURE
MRITE(4.312)
12 PORMAT(/10X. 'nwns DESIRED EIGENSTRUCTURE MAS BEEN READ FROM wunn',
3 /10X, ‘wmun DATA FILE. ENTER “1* TO CHG. NOTE: CANNOT nmuasn',
< /10K, *wnnn CHG IF KAUTSKY ALGOR. WILL BE USED. ENTER wawe',
3 710X, *wann “2" IF yOU DESIRE TO USE FILE DATA FOR wume,
L3 /10X, ‘wwun MOORE ALGOR. OR IF YOU ARE GOING TO USE anun’,
L] /710X, ' nwnn KAUTSKY ALGORTIHM. wnunt,
¢ /)
READ(»,313)1E1GEN

313 PFORMAT(I1)
CALL FRTCMS('CLRSCRN ')
IFCIEIGEN.EQ.2)G0TO 382
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c

c INPUT DESIRED C-LOOP EIDENVALUES

¥ ) c

’ GO NUN AN IR AR UNR N NN N RA T DA N NN AR RN N NAN N TR RN NN DA N
511 WRITE(6.329)

325 FORMAT(/SX, sxus ENTER DESIRED C-LOOP EIGENVALUES wwmn',/SX,

1 ‘asws REMEMBER: ONE CANNGT SHIFT THE TTYOT T
2 *wmun UNCONTROLLABLE EIGENVALUE(S)..... wnunt, /5%,
[ ‘wann ONE MUST SHIFT IN SAME ORDER AS  wemu‘,/EX.
¢ ‘umnn WAS DISPLAYED TO MAINTAIN PROPER mwww*,/5X,
s *wnes CONTROLLABILLITY IDENTIFICATION  swaus,/SX)
DO 330 [ » L.N
WRITE(6.324)1
26 SORMAT(1X. SESIRED C-LOOP ZISENVALUE (".il. ' =*./SX.
1 ‘REAL PART ..ENTER THEN IMAG PART ..ENTER',/)

READ(w.326) X
READ(W.226) VY
326 FORMAT(F12.5)
EIGD(I) = DCMPLX(X.Y)
330 CONTINUVE
AL Y e L L P Y T LTI I Y T Y]
c
c INPUT DESIRED VALUE OF Cav
4
ML Y T L T L T Y T T Y Y Y YR T Y]
335  WRITE(s.340)
340 FORMAT(/ 10X, *wenw INPUT DESIRED C X EIGENVECTOR ®wws'./10X.
1 ‘unas FOR EACH EIGENVALUE IN COLUMN wwsw‘./10X.
2 tumuw RORMAT. annn’ . /)
00 350 U s L.N
00 380 I s Ll.L
WRITE(6.351)1.4
851  FORMAT(IX.'E('.I1.'.',I1.*) = *,/5X,
1 'REAL PART .. ENTER THEM IMAG PART . ENTER')
READ(¥.345) X
READ(#.545) ¥
348 FORMAT(F12.5)
E(I1.J) s DCMPLX(X.Y)
350 CONTINUE
506.00 90 0190 40000 9010 9000 50 9000009090 0 90 000 00 90 10000 000000030 0000 303000 90 090 000 300000000 0 00 0 00000 0 00 00006 06 0006 N R 0 R 00 0 00 O
c
[+ DISPLAY DESIRED EIGENSTRUCTURE
[
[ L e e L L T Ty TR P P T LT LT T T TR T Y

352 CALL FRTCMS('CLRSCRN ')

WRITE(6,360)
360 FORMAT(//710X, ' wu%w DESIRED CIGENSTRUCTURE FOR USE [N MOCRE wwwn‘,/
1 1ox. ‘uwws ALGORITHMS. IGNORE [P XAUTSKY ALGORITHM awau‘,/
2 10X, *weww WILL BE SELECTED. CLLL Iy ;
S .6X. EIGENVALUES . IIX.'C » V(1)'.7) i

0O 380 [ = 1.N

WRITE($,.570) EIGDCI), (E(K.1):Xnl. L)
$70  FORMAT(IX.2(E10.3.1X).1X,8(/24X.E10.5.1X.£10.8))
580  CONTINUE

c

C""'.l..lIIII".lIII.IIIII-IIIIIII'I."Iﬁl.l"‘.llll'll..llIIIIDII'II'

[+

c CALCWATE EIGENVECTOR ASSOCIATED W/EACH EI1GENVALUE

c

cll'.l'lllIl‘lll'l'Il".llIllllﬁllllIlll."llllllllIIU-IQIIIIIII"II'II‘

c DECIDE ON MATRIX OR ALGEBRAIC SOLUTION OR KAUTSKY ALOGORITHM

WRITE(G.38%)

388 FORMAT(///8X, sunn ENTER "1” FOR MOORE-MATRIX SOLN, wuan', /8%
1. ‘wnnn ENTER "2 FOR MOORE-ALGEBRAIC SOLN.wwwn',/SX,
2 ‘annn ENTER “3" FOR KAUTSKY ALGORITHM. wuwnt, /5%,
3 ‘mnan NOTE: MOORE-ALGEBRAIC SOLUTION IS weus',/SX,
4 ‘unnn REQD IF LOM AND YOU DESIRE MOORE ALwwun'®,/BX,
L] ‘wwnn GORITHM. KAUTSKY ALGOR]THM REQD LLITANVE ¥
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¢ ‘wuns FOR COMPLEX EIGENVALUE ANALYSIS ANDwwun',/SX,
7 ‘umus INTERACTIVE EIGENSTRUCTURE DESION ", /8%,
‘unwe AND FOR OUTPUT FEEDBACK PROBLEMS. w®man‘,/)
READ(".386)ISOLN
PORMAT(L1)

CALL FRTCMS('CLRSCRN ')
IF(ISOLN.€Q.1)G0T0 387
IF(ISOLN.€Q.2)60TO 381
CAaLL KVECT(A.8.C.D.EIGD.F.N.M.L.VD.V,]FEED)
WRITE(6.382)
FORMAT(/SX, ' wwww KAUTSKY ALGORITM COMPLETED wmww',/}
GOTO 509
CALL ALGSLN{A.B.C,EIGD/E UNITY. N M. LV, WM3)
ARITE(6.288)
FORMAT(/SX, ‘wnww ALGESRAIC SOLUTION COMPLETED wmww'./)
GOTO 481
DO 400 I = 1.N
REINIT SLAMDMHA MATRIX
B0 390 [Is 1.10
00 390 JJs 1,183
SLAMDA(II.JJ)s 0.D0
CONTINUE
REINITIALIZE WC2
00 401 I = (.10
WC2(11) = Q.20
CONTINUE
RECOMPUTE SLAMDHA MATRIX FOR EACH EIGENVALUE
00 398 J = 1.N
D0 395 X = [.N
X s DREAL(EIGD(I))
SLAMDA(J K1a XUUNITY(J.K) = A(J.K)
CONTINUE
AUGMENT SLAMDA TO INCLUDE 8
00 39¢ J = 1.N
D0 296 X » .M
SLAMDA(J,K*N) = B(J.K)
CONTINVE
AUGMENT SLAMDA TQ INCLUDE =
0O €10 4 s 1.0
00 €10 X s |.N
SLAMBA(J*N.K) = C(J.X)
CONTINUE
CALCULATE <0 E(11> TRANSPOSE
D0 6420 J = 1.L
X = DREAL(E(J.I))
WCI(JoN) o X
CONT INUE
CALCULATE < V() W(l} > TRANSPOSE
{1 « N oL
DEBUG WRITE STATEMENT
WRITE(6.421)
FORMAT(SX. *wawnn S_LAMDA AUGCMENTED MATRKswan‘’,/)
DO 423 K1 = 1.11
WRITE(6.422) (SLAMDA(K] .K2),.K2e].11)
FORMAT(1X.6(E1Q.2.2X))
CONTINUE

CRASRAENI NSRRI NN AN RN RN RS A NS EARR AR PR AR EIN AR AR AN NI INRNURNAS

<
c
c
c

JUMP TO 680 MOR UNCONTROLLABLE EIGENVALUES
(PRESENTLY PROGRAM WILL NOT HANDLE THIS CASE)

CHENNTEN NN NN NN SRR DR N R A AN NRI A AR RN EA AR AT AU AN B R FURARN RN RN N S

426
470

480

=

P

e N o "-\'}-\.
{ ] = )

IF(ICTR(1).€Q.0)GOTO 680
CALL LEQTIFISLAMDA,1.11,10.WC2. 1 .WKAREA.[ER)
DO 480 J » 1.N

V{J.I) » DCMPLX(WC2(J).0.00)
CONT INVE

D0 485 J » 1.M

WMS(J.1) & WC2{JeN)
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498  CONTINUE
400 CONTINUVE
CRANANARANERNS ARSI AENE RN AN RN IR N NN SRR IR NS TN NN NSRRI N RN N RN ENNN

c

[+ CHECK FOR [NDEPENDENCE OF EIGENVECTORS COMPUTED VIA

4 MOORE ALGOR I TiMS

c

9010.0.10 00 00000 0.0 00 0.9 00 000 00000 00 0 0008 003000 00600 9.9 00 00900609006 9900000 .90 00 090 04 90,9000 3030 064 5000 8.0 90 0.0 9010 0 98 30 0 0 o
c CALCULATE RANK OF v

c LSVDF REPLACES V' WITH THE ORTHOGONAL ‘V' MATRIX A LA SINGULAR
C  VALUE DECOMPOSITION. THEREFORE 'SAvE‘ REAL PART.
481 DO 482 ! s 1.N
20 482 J 2 1.N
VR(l.J} 2 CREAL(VI(I.Jy))
VRS(1.0) = VR(I.)
VRT(I.J) = UNITY(I.J)
482  CONTINUE
CALL LSVDF(VR.10.N.N.VRT.10.N.S2.WK].[ER]
IF(IER.EQ.32)GOTO 490
GOTO 501
490 WRITE(6.508)
$00  FORMAT(//5X, ' wuasEIGENVECTORS ARE NOT [NDEPENDENT, MUST wwun', /SX,
1 ‘usum CHANGE C X EIGENVECTOR (I) OR CHG [N= wwwm',/)
IF(ISOLN.EQ.3)GOTO ¢80
8OTO 38
CIIIIIIDIIIIQIH‘I‘l'llli.!!lll'lll'llllllllIlllllll'll."i.!‘lIIIII-IIII
[
[ CALCULAYE FEEDBACK GAINS
c
CI.llllﬂ'lllIlIlII!illl.'l'l'lllllll'lll'lllllllll"lllllﬂlllllll'll'ill

501 CALL LINVIF(VRS'N.10.WHG. | . WAREAL. [ER)

WRITE(6.507)
507  FORMAT(/S5X. nsun EIGENVECTOR MAT HAS BEEN INVERTED. F GAINS NEXT =
innn,/)
CALL VMULFEF (WMS , biM4 .M. N.N,10.10.5,10, [ER)
WRITE(6.508)
508 PFORMAT (78X, 'wunn B GAINS COMPUTED wunu',/)
c ASTION PROPER SENSE TO FEEDBACK GAINS

00 506 [ » .M
DO 806 J = 1.N
F(l.J) & = £(1.J)
506 CONTINUE
c'l.l.l'lll..ll'l.lllllll.llllllllIIIIII..IIIIII"I'l'.l"l'.lll".lll'l
c
c CALCULATE A » BF OR A * BEC OR A + BRINV(I ~ FD)I»fC
c
clll.'ll.l'II'l.'.III!III.ll'IIIIIII..--...I‘IIIIIIllIIlIIIIIIIII.II.lII
509 [P (IFEED.EQ.1)GOTO 513
IF(IFEED.EQ.2)G0TO 514
CALL VMULFF(E.C.M.L.N:10.10.WM7.10.1ER)}
CALL VMULFF(F,.D.M.L.M.10,10.WM8.10,1ER)
DO S16 1 » 1M
DO 516 J » 1.4
516 WHI(I,J) = UNITY(I.J) - WMB(I.J)
CALL LINVIF(WMI.M.10.WM10,0.WAREA2, IER}
IF(IER.NE.1291G0TO 518
WRITE(6.519)
S FORMAT(/SX. #wwn [ = FD IS SINGULAR. RESULTS ARE INACCURATE weuas*
172
sis CALL VMULFF(WML0,WM7 .M. M,N,10.10,WM11,10.1ER?
CALL VMULFF(B.WMI1.N.M.N.10.10.WM12.10,IER)
DO S17 L = 1.N
00 517 J o I,N
517 ABF(T.J) = ACL.J) + WMI2(1,J3)
Q0T0 S12
514 CALL VMULFFE(B,F.N.M.L,10.10,WMS8,10.1ER)
CALL VMULFE(WMS,C.N.L.N,10.10.WMé.10,1ER)
D0 518 1 » I.N
DO 8IS J = |.N
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18 ABF(I.J) & A(1.J) + wWMé(I.J)
GOTO 312
513 CALL VMULFF(B.®.N.M.N,10.10,WM5,.10.IER)
DO 510 I s ).N
DO 810 J = [N
ABF(1.J} = A(l,J) + WMS(1.J)
510 CONTINUE
CIIIl'..l'.lll.l'l'll.lI-llllllllﬂlIIIIIIIIllllll.l.lllll!ll'lIll.ll‘lll
c
c CHECK FOR CONSERVATION OF CwVv DURING DESIGN ITERATIONS
<
ClIll'l"lllllIﬂI'II.III.IIII!III‘IIIIlﬁl'l'l‘l"ilillI!II-.'III.IIII'I.
IF({30LN.2Q.2)30T0 S12
S11  SALL VMULFP(C.VRS.L.N+N:+3i0,1G.CV, .0, [ER)
si2 WRITE(6.520)
529 FORMAT(/,'wnns [F SINGULAR VALUE ANALYSIS DESIRED. ENTER "1" wnww
1o/ M ITT] OTHERWISE ENTER "2%
)
READ(».5301Sva
530 FORMAT(I1)
CALL FRTCMS('CLASCRN ')
IF(ISVA.EQ.2)GOTO 840
CHe NNt N AN AR SRR NS NI N AR RSN NN AN NN RN NN R A RN RN
c
c SINGULAR VALUE ANALYSIS OF DESIGN
[«
Clllll"'.llll'llIII'IDII‘IIlll""llll.‘l”l.lllllllll"l.-lllllllll-‘l
eIl ®(1.1) » =14.18708
E(l.2) » 3,559
F(1,3) & 77.9429
E(l1.4) = -61.009
#(S.1) = =0.053239
P(2.2) » =2.61465
#(2.3) » 20083
®(2.4) w =15.58608
531 CALL SVA(A.B.C.D,F.UNITY.N.M,L.W.5VM.SVMAX,.SVM] . SVvMaX], IFEED)
CR uNg R RN AR NN NN RN AR NN AN AN NI RN N NN A RN NIRRT
c
c DISPLAY RESULTS
<
CREN NN NN AN ANN AN A AN RN NN SN NN NS AR NSRRI NN
540 CALL FRTCMS('CLRSCAN *)
WRITE(G.680)
600 FORMAT(///18X, ' "nunununs DESIGN RESULTS wwwwsnunnn',//)
IF{ISOULN.£Q.31GOTO 638
632 WRITE(6.601)
401 FORMAT(//5X, ¥sun W MATRIX COMPUTED DURING MOORE SOLN waxnm'/)
BO 602 1 o 1M
WRITE(6. 608 (WMS(T. U} Jnl .N)
608 FORMAT(IX.6(EI2.S5.1X))
602 CONTINUE
€33 WRITE(6. 631}
(3 3% FORMAT(//5X, ' uwsn C=LOOP MATRIX, A * BF munn',/)
DO 640 [ » 1.N
WRITE(G. 6083 (ABF(I.J). u]l,N)
¢&0 CONT INUE
WRITE(6.650)
650 FORMAT(//SX, ' wams FEEDBACK MATRIX wunw',//)
DO 670 1 » 1.
WRITE(6.660)(F(1,J),Jul.L)
660 FORMAT(IX.5(2X.E12.8))
670 CONTINUE
[« SAVE ‘#° SINCE LSVOF DESTROYS F
DO 651 [ o 1 ,M
00 651 J » 1.L
51 FSAVE(I.J) = F(]1.J)
CALL LSVDF(FSAVE,10.M,L.UIF,.10.0.SF.WK,[ER)
X e 3FC(})
WRITE(6.6958)X

0000000
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FORMAT (/8X. *SPECTRAL NORM » '.E€12.8)
CALL EIGRF(ABE.N,10.1.25,26.10.WKé, IER)
FIND CONDITION NUMBER OF DESIGMN E1GENVECTOR MATRIX
CALL COND(26.M.X)
WRITE(G.692)
FORMAT(/SX, ‘wnuw DESIGN EIGENVECTOR MATRIX annec, /)
DO 498 I s I,N
WRITE(6.620)(T4(1.43,J81,N}
CONT INUE
WMRITE(6.696)X
FORMAT(/5X. "2 NORM CONDITION NUMBER « ‘LE12.%)
NORMAL IZE EIGENVECTOR WATRIX
0 671 J s 1,N
< = 2.00
3 87T 1 s LN
X o® A - OREAL(ZG(I.J))Iwn2 o DIMAG(ZG(T. ) )um2
00 o7l ! = |.N
261,50} 2 264(1.4)/DSQATIX)
WRITE(6.610)
FORMAT [ /5K, ' wunn NORMALITED DESIGN EIGENVECTOR MATRIX wwmu', /)
00 30 I s [.N
WRITE(§.620)(26(1.J)0dni,N)
FORMAT(B(IX.E9.2))
CONTINUE
CALL CONDI(Z4.N.X%XN)
WRITE(S.69G XN
wWRITE(6.590)
FORMAT (/86X . 'wnns JESIGN C-LOOP EIGENVALUES wsan’, /13X,
1 "REAL PART'.6X.'IMAG PART'./)
D0 691 1 s !.N
WRITE($.15611.38(C1)
CONTINUE
IF(ISOLN.£Q.3)G0TQ 918
WRITE(§.9QQ)
FORMAT(//8X. ' a%nm EscCo<V> MATRIX AFTER DESIGN COMPLETE wwuw',/
18X, ‘wnuv NOTE: PGM CHECK FOR “OORE ALGORITHM ewaw/)
0o %10 [ = 1,0
WRITE(6.920)1(CVIL.C3oun] . N}
FORMAT( (X, 0{2X.£12.5))
CONTINUE
i®(ISVa.E0.2)G0TO 80
WRITE($.930)
FORMATI//iSX,  usnnw SINGULAR VALUE ANALYSIS OF DESIGN LALLLANVS} N

1 ' FREQ I +rG 1 « g
S./7.20, * RaD/SEC MAX S1G MIN S1G mAX SIG MIN
3 S16°./)

DO %0 ; » 1.2:0.10
WRITE(6.950) W(I).SVMAX(T ). SVMCL 1. SUMAKL (L), SVMICT)
FORMAT(IX.F7.2.1X.G(E12.6.1K})
CONTINUE
GENERATE DATA FILE FOR S.V. PLOTTING
CALL SVPLOT(SVM.SVMI.W)
WRITE{¢.1000)
FORMAT(//%X. wana [F vOU ARE AT A TEKg1S CONSOLE AND DESIRE wwww:,
1 /SX. wunu A PLOT OF MINIMUM 5.V. OF ThE RETURN DLFF wm

2 /SN 'wwmw MATRIX JUST COMPUTED; TYPE THE FOLLOWING = .
3 /5K."wuun AFTER TIGENS COMPLETION.................. vewar
4 78X, "uwnw "PLOT™ FOLLOWED $Y “DISSPLA SVPLOT FORTRAN“snwe®
H /)

[F(IRECON.EQ.2100TO %60
WRITE($.970)
PORMAT(/5X. " wuaw DAMAGED B MATRIX waww:,,/}
DO #71 1 = 1.~
WRITE(S.90) (BDEL(].J).Jnl.M)
WRITE(6,972)
FORMAT (/K. ' wawn RECONFIQURED FEEDBACK GAINS wwunm‘,/)
DO %73 1 « |.M
WRITE(C.90)(FDEL(T, gy dal.L)
WRITE(6.978)
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975  FORMAT(/SX.'wwww RECONFIGURED NORMALIZED EIGENVECTORS wsww‘,/)
WRITE(4.620) ((VRECON(I,J) Jul.N).In1.N}
WRITE(6.97¢)
976  FORMAT(/5X. nnww RECONFIGURED EIGENVALUES numn‘,/)
WRITE(6.156) (1. EIGREC(I},Ial, N}
WRITE(6.977)SMREC. WREC
7?7 FORMAT(/5X, 'unmu MIN S.V & *,EI2.5,°' wann', /85X, 'awnn AT FREQ & '.
1E12.8.* nuww’,/)
WRITE(6.979)
978  FORMAT(,5X.'wwwn RECONFIGURED C-LCOP MATRIX wenw'./)
0O %79 I s 1.N
79 WRITE(6.00I)(ABFDEL(I.J).Jul ,N)
160 ZALL RESULTA.Z.C.F.FLEL.3DEL,J4.35.L . M.N)
IND

1600000000 00 00 0000000000 006000006 00 0006 00 06 00 00 00 000006 0 000006 00 0030 00O U DO e R

<
c
c SUBROUTINE SVA PERFORMS SINGULAR VAULE ANALYSIS OF
c THE RETURN DIFFZRENCE MATRIX OF THE DESIGNED SYSTEM.
< IMSL ROUTINES REQD: LEQTIC

c EIGENS SUBROUTINES REQD: CMATML.CSVD

c COR V.F, GAVITO VER 1.0 JANUARY. 1986

c

(00 00 00 DU O 30 00 00 00 58 0% 08 00 10 00 10 3030000 300090 000090 50 06 30 90 9640 90 06 00 90 A6 08 08 00 36 90 6 30 90 3% 00 30 30 000 00 0 30 B0 M 00 00 MO0 OU NS00 00 04 90 90 0
SUBROUTINE 3SVA(A.B.C.D.F.UNITY.N1.M1,L1.W.5VM,SVMAX,5VM] . SVMAX],
IFEED)

IMPLICIT REAL®8(A-H.P-T)

REAL*8 a(]10,101.3(10,103.C(10,10).UNITY(10,10),W(2000).SVM(2000).
S1(103, X1, Y1.F(10.10).5VMAX(2000),X.S2(10).SVML(2000).
SVMAX1(Z000).WA(10).0(10.18)

COMPLEX®164C(10.,2).8C113:103.CC{10,10),wMCI(10.10),WMC3(10.,10).

-

-

[E

! GC(10+10).U1(10.20).vIC(10,10).ROMC1IQ,10) . WMC4(10.10)+
s WMCS(10,10),FC(10.107,.ROM1(10.10).,U11(10.10).VvI1(10.20)
3. oc(16.10)

COMPLEXN]¢ WMC1(10.10).UNITYC(10,10)
INTEGER NI1.M1.Li.(FEED
8O 10 [ » 1.10

WACLI) = 0.00
Sli(l) = g.DC
S2(1) = 0.00

DO 10 U = 1.10
AC(1.4) » (0.DC.0.0Q0)
ROM(I.J) » (0.00.0.20)
ROMI(I,J) « (0.20,2.00)
CC(l.J) = (0.02.0.00)
ylel.Jd1 = (0.00.0.00)
vIi(l.J) = (0.00.5.00)
UIi<t.J) = (0.00.0.007)
vIi(i,J) ¢ (0.50.0.00)
UNITYC(L.4) » (3.00.0.D0)
WMC1(I.J) » {(0.00,0.00)
WMCZ(1.J) = (0.00.0.00)
WMCS(1.J) =2 (0.D00,0.00)
WMC4(l,g) = (0.00.0.D00)
WMCS(1,4) s (0.00.0.00)
8C(l.J) =« (0.00,0.00)
DCtI.J) » (0.00.0.00)
GC(1.J) = (0.00.0.00)
#C(1.4) = (0.00.0.20)

10 CONTINUE
DO 45 I » 1.2000
SvM(l) « 9.D0
SvMax(l) » 0.00
SVvMI(]) = ¢0.00
SVMAX(I) s 0.D0

5 CONTINUE

c FILL UP COMPLEX MATRICS WITH PROPER DATA
00 100 I » i.NI
UNITYC(I.1) = (1.00.0.00)
WMCS(I.1) = (1.D0.0.D0%
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DO 100 J = 1.N1

X = A(1.0)

AC(I+J) = DCMPLX(X.0.D0)
CONTINUVE

DO 200 [ = 1.N1

00 200 J s 1,M1

X = B(I.J)

Y e F(J.1)

BC(I.J) » DCMPLX(X.0.DO)

FCLJ/I) s DCMPLX(Y.0.D0)
CONTINUE

00 300 I = 1.01

300 J 2 y,Ml

X2 C1.49
CC(I.J) = DCMPLX(X.0.D0)
CONTINUE

00 210 1 = {,L1
00 216 4 = |,M1
0C(L.J) = DCMPLX(D(I.J).0.00)
AUGMENT (IF REQD) C TO INVOKE A SQUARE RETURN DIFF MATRIX
PRESENTLY THE PROGRAM AUGMENTS WITH THE [DENTITY
IFIL1.EQ.N1)GOTO 350
INDEX = N1 = ]
0O 328 J = 1.INDEX
CClJeLlJoLl) = (1.D0,0.00)
CONTINUE
W(l) s 1.D0=-0}
DISPLAY AUGMENTED F MATRIX FOR SVD
WRITE($,310)
FORMAT (15X, ‘wwww AUGMENTED & MATRIX FOR SVD COMP wumw’,/)
00 311 J = 1.M)
D0 311 X a 1,N1
X2 = DREAL(FC(J.K))
3= DIMAG(EC(J.K))
WRITEC(6:312)J,KeX2,X3
FORMAT (X, *FC(* 012, ", 12,') = ‘o E12.8.0 + yr.E12.8)
CONTINUE
00 544 { « 1.21Q
00 400 4 s 1.N1
DO €00 K = 1.N1
X = w(l}
WMC1(JoK) = DCMPLX(0.DO.X) # UNITYC(J.K) = AC(J.K)
CONTINUE
HuunNENn N [MPORTANT NOTENSANNunsuuwn

" LEQTIC DESTROYS WMC1 AND L]
» REPLACES UNITYC WITH THE [NVERSEw
* OF wmCl ]

llll.ﬁlll.lllll'lllIl'llI‘llIllﬂ'll

caLL LEQTIC(NMCX-NI-lO-UNXTVC.Nl.10-0-HA-[ER!
WRITE(6.401)
FORMAT(1X,* <SI = a>=1 *,/)
00 602 J & 1.NI
WRITE(6.,6100)(UNITYC(J,K) K], ,N1)
CONTINUE

caLL CMATML (UNTTYC,BC N1 ,N1 M. WMC3)

CALL CMATML(CC.WMCS.L1.N1.M1,GC}

COMPUTE <F> » <G>

DO 8000 4 o ). M}
WRITE(6.41003(FC(J,K) . Kal.N1)
CONTINUE

IF(IFEED.£Q.11607T0 410

IF(IFEED.€Q.2)6G0TO 410

00 412 J = 1,01

DO 612 K = 1,M1
GC(J,K) » DCCUK) + BC(J:K)
CALL CMATML(EC,GC,M1,L1,M], WMC2)
WRITE(6.4000)
FORMAT(IX. <ST = A> #wua] » B',/)
00 400% J » 1,N1
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W
KA [+ WRITEC(6.4100) (WMCS (J.K).Kal.M1)
,‘c: €100 FORMAT(8(EY.2,1X,£9.2))
';*. €001 CONTINUE
g € WRITE(6.5000)
E €000 FORMAT(IX.'C # INV<SI = A> u B*,/)
¢ DO 5001 J = 1.N1
> c WRITE(6.6100)(0CCJ . K),Kal,M1)
§ €001 CONTINUE
o € WRITE(S.6000)
» 000 FGRMAT(IX.® @ » G *,/)
-, c 20 6001 J = 1M1
i [ ARITE(6,4100) (WMCZ(J.K) . Kx1,M1) .
- £301 CONTINUE
[+ COMPUTE <G> » <F>
N CALL CMATML(GC.FC.L1,M1,L1,KMCS)
i ¢ RESTORE THE COMPLEX IDENTITY MATRIX
:. DO 4%0 J = 1.N1
iy 00 450 K = 1.N1
* X = UNITY(J.K)
1y UNITYC(J.K) » DCMPLX(X.0.D0}
450 CONTINUE
c COMPUTE <I> + <F> % <G>
e DO 600 J = 1.M1
A 0O 600 K = 1.M1
y ROM(J.K) = UNITYC(J,K] & WMC2(J.K)
600 CONTINUE
.0: [ COMPUTE <I> ¢ <G> ®» <F>
.OJ DO 6850 J » 1.L1
00 650 X = 1.L1
ROMI(J.K] ® UNITYC(J.K)} * WMC&G(J.K)
% 650  CONTINUE
) ¢ WRITECE. 61011, MCLS
W C10  FORMAT(2X,*W(*.12.°) = *,E12.5)
N ¢ WRITECS.611)
oyl Cll  FORMAT(ZX.'wwws RETURN DIFFERENCE MATRIX swen‘,/) -
A’ c DO 612 J = 1.M1
o c DO $12 K » 1.M1
. c X1sDREAL(RDM(J K11
o d c Y13DIMAG(RDM(J.K) ) .
3/ c WAITEC6: 61510, K X1 V1
o C13  PORMATCIX.*ROM (*.12,'.7,12,°) « *.E12.8,' « J'.€12.85)
" C1Z  CONTINUE
] c COMPUTE C3SVD OF <I> <> n <>
- CALL CSVD(RDM.10.10.M1.M1.0,M1.M1,S1.UT.V1)
c COMPUTE CSVD OF <I> + <G> » <&>
WY CALL CSVD(ROM1.10,10,L1.L1.0.L1.L1.52.UI1.VI1}
.\ ¢ WRITE(§.800)1
n C00  FORMAT(/SX, SINGULAR VALUES FOR W('.[Z.%) s*,/)
"- c WRITE(6,700)(S1(J).Jel L))
194 CO0  FORMATCIX.é(E12.5.1X))
: € WRITE (6.618) SICL1)
; C1S  FCRMAT(/2X.'MIN SINGULAR VALUE « *.E12.8)
SVMAX(1) = S1(1)
Q;l SVMAXI () = S2(1)
Y 1P(S1(M1).LE.0.)GOTO 617
M TF(S2(L1).LE.0.D0)GOTO 617
s SVMCLY & SICHID
0:‘. SVMI(I) » S2(L1)
! GOTO 619
617 WRITE(6.618)
(31 ] FORMAT(/12X. 'wanwnun RTN DIFF MATRIXN [S RANK DEFICIENTwnnsuww')
¥ SVMIT) = 9.9999990+09 .
L 619 MIIel) = W(I) .80
p 3 800  CONTINUE
' RETURN
n END
5 c.l.llll...."..I-'ll.ll.-'l-.IIII'l.-III'-'IIIIIIIII...IIII.IIIIIIII'II
¢
¢ SUBROUTINE CMATML (COMPLEX MATRIX MULTIPLICATION)
150
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COMPUTES: YY = AA & BB
Ia » 8 OF ROWMS IN AA
LL =8 OF ROWS IN B3 AND 8 OF COLUMNS IN AA
13 = 8 OF COLUMNS IN 8B
CIIIIIl-IIIIllIl‘lllllIIlIlIIllllll'lIIlIIIllllIIIIllllllI'IIIlIIIIIIIII
SUBROUTINE CMATML(AA.BS.TA.LL.IB.YY)
COMPLEX®16 AA(10.101.88(10.10),YY(10.10)
INTEGER IA.LL.IB
DO 301 s 1.1A
D0 20 J & 1.1IB
YY(1.4) s (0.00.9.D00)
C0 10 INDEX s 1.LL
Y(T.5) @ VY(1,J) » AAL].{NDEX) % BB(INDEX.J)
10 CONT INUE

0000O0

2 CONTINUE
30 CONTINUE
RETURN
END
COUBIR 0000010 0009000 00800009000 000000000 00060 00 090 0090 400000 0000 010000 30 20 00 0 0F 0 90 3 90 190 .00 19 0006 00 30 00 30 9000 0 04 000 0 06 M 30 0
c
c SUBROUTINE CSVD
[ COMPLEX SINGULAR VALUE DECOMPOSITION SUBROUTINE
c

0 00000 00 0030 00 10909600 06 000090 90 30.90 300000 00 00 06 090 00 00 00 9000 90 0 90 90 0 OF 00 4 000 000 568 00 0 04 90 9090 30 0 0000 0 90 00,90 0 0000 00 30 94 .96 o6 ¥
SUBROUTINE C3VD (A.MMAX . NMAX . M:N. I[P .NU'NV.S,U.V)
IMPLICIT REAL®S(A~H.P=Z)
COMPLEXN 1 6A(MMAX . L ), U(MMAX, 1)+ VINMAX,1)
INTEGER M.N.IP . NU.NV
REAL®S S(1)
COMPLEXN16 Q.R
REAL*8 B(1006}.CC100),.T(100)
DATA ETA.TOL/1.%0-8.1.D-31/

NP aN+ 1P
NIsN+}
c
C HOUSEMOLDER REDUCTION
C{1)#0.D0
K=l
10 KlsKe]
c
c ELIMINATION OF ACI.X} . leKel,,.,.:M
Z30.00
D0 20 leX.M
20 Jel+DREALIACI.K)IWuZ+DIMAGIA(T.X) Iun2
8(X)#0.D0
{F (T.LE.TOL) 00 TO 70
JeJSQRT(2)
B(K)nZ

WeCDABS(A(K.X)}
Gs(1.DC,0.00!
I% (W.NE.0.DO) QuA(K.K)/MW
A(K.K)aQu(Zeouw)}
IF (K.EQ.NP) GO TO 70
DO S0 JeX].NP
Q#(0.00.8.00)
00 30 lex.mM

30 QeQeDCONJGIA(I.K)ImA(T,.J)
QQ/ (2w (2ZeM))
00 40 [ex. M

(1] ACL,J)0A(1,J)=-QuA(l.X)

S0 CONTINUE

c PHASE TRANSPORMATION
Qe-DCONJG(A(K,K) }7/CDABS(A(K.K )
DO ¢0 Jsxl.Np

(1] A(K,JIoQUA(K.J)

c

4 CLIMINATION OF A(K.J),JeK*2,... N




)
" \
10
M
I 70 IR (K.EQ.N) GO TO 140
o 220.00
. DO 80 JaK).N
s 80 ZeZeDREALIACK.J))Nn2+DIMAGCA(K,J) )nug
o €1K140.00
IF (2.LE.TOL} GO TQ 150
i 2sDSORT(Z)
.'_ c(K1)e2Z i
N WeCDABS (A(X,K1))
1) Qe(1.09.0.50)
IF (W.NE.Q.D0) QeA(K.K11/M
%) A(K,K1)2Qu (ZoW)
00 110 [3K1l.M -
Q2(0.0C.0.00}
[ 00 %0 JsK1.N
My 90  QeGeOCONJGCACK,JIINACL.J]
.‘. QuQ/ (29 (ZoW))
" DO 100 JeK1.N
100 ACI.J)mAlT.J3~Q¥A(K,d}
‘ 110 CONTINUE
¢
C  PHASE TRANSFORMATION
b Qs-DCONJG(ACK,K} 3 )/CDABS (A(K.K1))
7 DO 120 [sKl.M
'\.: 120 ACL.K1}sA(l.K1)%Q
:, 136 Kax1
3] 6o To 10
] 3
€ TOLERENCE FOR NEGLIGIBLE ELEMENTS
" 1640 EP320.00
'-_ DO 150 Ksl.N
> S(KIeB(K)
t. TIK)eC(K)
. 150 EPSsDMAX1(EPS.S(K)+T(K})
Ko, EPSeEPSRETA

-
(2]

€ INITIALIZATION OF U anD v
1F (NU.EQ.0) GO TO 180
DO 170 Jel.NU
L 0O 160 (s1.M
- 160 UC1.J)#(0.00,0.00}
L~ 170 UCJ+J)a(1.00.0.00)
180 IF (NV.£Q.0) GO Ta 210
“ 00 200 Jal.NV
20 190 [af.N
R 196 V(1.418€0.00,0.00)
= 200 V(J,J)e(1.00,0.00)
b c
i‘ C QR DIAGONALIZATION
" 210 DO 380 KKel.N

}- KsN]-KK
2

TEST FOR SPLIT
20 00 230 Lisl.X
LeKel-LL
(.“ IF (DABS(T(L)).LE.EPS) GO YO 290
IF (DABS{S(L-1)).LE.£PS) GO TO 2640
30 CONTINVE

" oo

CANCELLATION OF E(L)
40  C$#0.00

S$Ns1.00
Lisl-1
DO 280 lwl.K
RaSNRT(])
T(I1eCSRT(D)
IF (DASS(®).LE.EPS) GO TO 290
HeS(1)
WeDSQRT(Fufopnn)

-
8OO

(LT DN SNE SN
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290

300
s10

320
530

LIS RLT]
CSsH/MW
SNa=F/u
IF (NU.EQ.O) GO TO 260
DO 280 Jel.N
XsDREAL(U(J.LL))
YsDREAL(U(J. 1))
UCJ.L1)eDCMPLX(XNCS+¥HSN.0.DO )
UCJ o TIaDCMPLX(YHC3~X#SK. 0.D0)
I® (NP.EQ.N) GO TO 280
D0 270 JaNl.NP
QsA(Ll.J)
ReA(l,0)
ACLL.J)aQuCS+R¥SN
A(l.J)sRNCS~QuSN
CONTINUVE

TEST FOR CONVERGENCE
WsS(K)
IF (L.€Q.x<) GO TO $40

ORIGIN SHIFT
XsS(L)
YaS(K=1)
QeT(K-1}
HeT(K)
Fl((V-H)I(VOHIO(G-NIH(G'H))/(2-DOIHIV)
GsDSQRT(PuF«1.D0)
IF (F.LT.0.00) Gs-Q
Fl((X—H)l(x'H)O(V/(F‘G)~N)lH)/X

QR STEP

Csal.po

S$Nsl.D0O

LisLs}

DO 350 IsL].x

GeT(])

vas(1)

HaSNsG

GaCSuG

WEDSQRT (AnMeFup )

T(l=1)au

CSaf/w

SN=H/W

FaXnCS+GuSN

Q=GHCS-XwSN

HayngN

Yayugs

IF (NV.£Q.0) GO TO $10

0O 300 Jsi.N

XeDREAL(V(J.1=1))

WaDREAL(V(J.1))

V(S I=1)3DCMPLA(XNCS eWnSN.0.00)
V(I 1 )eDCHPLX (WRCS-XuSN.0.00)
W2 DSQRT (HAH+EF }

$(I=1)em

CSef /M

SNeH/W

FeCSnGeSNNY

XaCSnv-SNmG

I® (NU.£Q.0) GO TO $30

D0 320 Jei.N

VaDREAL(UCJ.I-11)

WeDREAL (U(J. 1))

UG 1=1)8DCMPLX(YNCS+WnSN.0.D0)
UCJ. 1) oDCMPLX (WnCS-YwSN, 0,00)
IF (N.EQ.NP) GO TO 380

DO 340 Jenl.NP

QeA(l-1.4)
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ReAtI.J)
ACL=1,J)sQnCS+RUSN
340  A(I.J)eR*CS-QuSN
380 CONTINUE
T(L)»02.00
TIK)eF
S(K)eX
G0 To 22
c
€ CONVERGENCE
360 IF (W.CE.0.00) GO TO 380
S(K)m=W
F (NV.EQ.C) GO TO I8C
30 I70 Jal.N
s70 V(J.Kln=V(J:K}
380 CONTINUE

c

C  SORT SINGULAR VALUES
DO 485 Xsl.N
Ge-1.00
JaK

DO 390 [eK.N
IF (3(1).LE.G) GO TO 390
asS(I)
Jst

390  CONTINUE
IF (J.€Q.K) GO TO 480
$(J)eS(K)
S(K}eG
[P (NV.EQ.0) GO TO 410
00 600 I=1.N
Qsv(l.J)
v(l.J)sV(]1.K)

€00 V(1.K}eQ

610 I1® (NU.EQ.0) GO TO 430
DO 420 tel,N
AsY( L)
UL JIsy(l.x)

420  Vt1.K)s=Q

430 1P (N.EQ.NP) GO TO 450
DO 440 leNi.NP
QuaACY. 1)
A{J1)0A(K. 1)

440 A(K.1)=Q

450 CONTINUE

C BACK TRANSFCRMATION
IF (NU.EQ.0) GO TO S10
DO S00 XKs}l,N
KeN]=KK
I® (8(X).£Q.0.D00) GO TO S08
Qe~A{K.K)/CDABS(A(K.K)])
DO 460 Jr1.NU

460 . UIK,J)=QwU(K.J?
D0 6%0 Jm].NY
Q#(0¢.D0.0.D0)
DO 470 Isk.M

470 QeQeDCONJG(ALL.K))nU(L.J)
Q»0/ (CDABS(A(K.K )} nB(K))
DO 480 isxX.m

480 U(t.J)2001.4)-Q8A(1.K)

490 CONTINUE

500 CONTINUE

s10 1P (NV.£0.0) GO TO 870
P (N.LT.2) GO TO 870
DO 560 KKe2,N
KeNt-KK
KlsKe}
IF (C(K1).EQ.0.00) GO TO S¢0
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Qe-DCONJO(A(K K] )) /COABSCA(K.K1})
00 $20 Jal.NV
820 VIK1.J)sQeV(K],.J)
DO $50 Jsl.NV
Q=(0.00.0.00)
DO $30 IsK1.N
$30  Q=Q+A(K.I)wV(I.J}
Q=Q/ (COABS(A(K.X]))8C(K1))
00 860 s=K1.N

p $40  V(1.J)aV(1.J)-QRDCONJGCAIK.L])
’ $80  COMTINUE
A 560 CONTINUE
$70  RETURN
| IND
: NBAUNANES NN RN SN NE NI R ANI N NN SRR NIRRT RERaRE A
. SUBROUTINE SVPLOT: GENERATES DATA FILE FOR USING OISSPLA

-
c
» c TO PLOT MINIMUM SINGULAR VALUE OF THE RETURN
[ OIFFERENCE MATRIX vS. FREQUENCY
c
CIIIIIIIII'IIIIIIIl'lll.llllllllll...!lIIIIIIHIIIIIIlllll.'ll.lﬂl'ﬂ'llll
SUBROUTINE SVPLOT(SVM,SVML.W)
REAL#E W(2000).SVM(2000).3VM]1(2000)
OIMENSION WP (2000).SVMP(2000).SVMIP(2000)
c CONVERT DATA TO SINGLE PRECISION FOR DISSPLA COMPATIBILITY
B0 10 I » 1.2000
WP (L) & SNGL(W(T))
SVMP (1) = SNGLISVM(L))
SVMIA(I] » SNGLISVMI(IY)
10 CONT INVE
20 20 [ « 1.2000.2
WRITE(T7.30)WP (1), SVMP(1).SVMIP (). WP(Ie]1) . SVMP(1+1),SVMIP(]e])
30 FORMAT(3(€12.5.1X.E12.5))
20 CONT INUE

RETURN

END
CHNRNT NN USRI SRR NN NI NNORI NSRRI RN NN NORRNERNND NP NN NN
c -
[~ SUBROUTIN KVECT: CALCULATES FEEDBACK GAINS VIA "
c KAUTSKY, ET. AL. ALGORITHM (198S) "
[+4 -

CRENENNORANNIUNI AN NN TGN N ORI ARSI ROHORNR N RRRT N R NN T RN WA RN GRS R NN
SUBROUTINE KVECT(A.B.C.D.E1G0-#,N1.Ml.L1.vD.V.IFEED)
IMPLICIT REALYB(A-H.P=2)
REAL®8 A(10.10).8(10,107.C(10,10)7,F(10.10).UT(10.10).CS(10.10).
1 SC10).WK(20).85(10.102.5M(10,101.VT(10.10),CUT(10.107,SC(10),
2 RZ(10.10).WAREAL(250) WAREAZ(80).D(10.10).885¢C10.10),
3 UTV(10.10).RTINVIIO0.10).VI(10,103.WK4(20).CESINVILD. (0D,
€ 310(10).S2C10).WK1(20),WK2(20) . WA(Z0).5B(10).WKB(S0).BGI(10,10),
$ VOST(10.10).vDIST(10,40}.0C10,10).U0(10.10).01T(10.10).,U1C10.10).
¢ UNETY(10.10).W(2000),SVM(I000),SVMAXIZ000),.8VML(I000).
7 UOT(10.10).RNULL(10,10).SVMAX1(2000},.8P1(10.10).8S1(10.10).
8 SMC(10.10).8V(10,103.8CHK(10,10), . WAREAS(250).5X(10).COI(10.10)
COMPLEX»16 EIGD(10).V(10.10).UNITYC(10.10).AM_(10.101,ULTC(10.10)
1 +RNUWLLC(10.30).WV(10) . WVIC(10).RES(10,10),VvSAVE(10.10).
2 VDS(10.10).vDIS(10.10).UVDS(10.10).VvV0S(10.10).UVDIS(10.10).
$ vVDI8$(10.103.21.VD(10.10),E1GOM(10.10).EVI(]0.10).VEVI(10.10),
4 VMA(10.10}.U0TC{i0,10).UTVC(10.10).RZINVC(10,10).FC(10.20),
$ vDI(10.10).VIV(10,107.V0C(10,10).COTC(10,10).C1TCLL0.10),
¢ RZUC10.10).8PICC10.10).2INVCC(10.10).#C2(10.10).0CFCC10.10),
7 RCSL10,107.D0C(10.10),R2C(10,10).CINVZ(10.10).DCFCLI(10,10)
G.AVS(10,10).XV(10.10),XVUC10.10).,X%XVV(10.10),SXC(10,10),
"9 XOT(10.103.5XX(10.10),RUC10.10).RV(10.102.RVV(10.10).,RX(10.10)
COMPLEX®14 RXZC10.10),XVTC10,10),XEC10.10),AC(10.10).AX(10,10).
1 XCHECK(10.10).RVU(10.10)
INTEGER N1.M1,L1,1WK(1000).1C(10).IDG(1).IDGL(20).1C1(203,
1 IROW{10.10).3FLT(10), JELEM(10).ILQG. IFEED
REAL#6 SROBJ.EFS.SWV(10),VLB(100),VUB(100).RA(20.60).0(1).0F(20),
1 WKS(3000).XBJ(100},C0BJ.GC(20).E.UR.UC.EPSAR,.EPSC.E1.ED
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:‘ CHARACTER=90 TITLE
"‘\‘ [ [IYTTITIT] sannn [T [TITT]
i c
gf c INITIALIZE MATRICES § VARIABLES
ot c
CIIII.IIII-.IIIQQIIIIIIIIIIlllIII-IIIIIllllllll'ﬂ!l..l'.lllllllIIIIIIII-
' s « 0.
W £.o0. .
N £l = 0.
'c: € - o.
&, 0010 T » 1.10
X S(11 = 0.00 .
21(1) s 0.D00
32(1) = 2.00
o SB(I) = 0.00
' sC(1) s 0.00
3 SX{I} » 0.00
Wv(l) = 0.00
DeC(l) = 0.
ay 1RLTCDD = 0
sSwv(l) « 0,
00 10 4 = 1,10
¥ g uT(1.4) » 0.00
4 Vitl.J) = 0.00
N CUT(I.4) « 0.00
: 2S(1.4) » 0.D0
"~ SMCT.J) = 0.00
N AC(1.J} = (0.00.0.001
- BPICI.J) » 0.00
8SI1t1.4) = 0.D0
\'- vb1(I.J4) s €0.00.0.90}
- €£160M(1.J) = (0.D0.0.D03
L EVI(1.J) = (0.D0.0.00)
D VEVI(1.J) = €0.D0.0.D0)
- VMACT,J)  (0.D0.0.00) .
o uTvV(I.J) = 0.20

UTVC(1.4) = (0.00.8.00)

, vDS(1.4) » 0.00

N vDST(1.J) = 0.D0

K VDIS(I.J) = 0.D0

P vDIST(1.J) = 0.30
ull.J3s 0.00

v,! UoacI.J) = 0.00

NI UoT(1.J) = 0.00

UeTC(I.4) = (0.00.0.00)

viC1.J) = 0.00

ULT(1.J) s 0.D90

U1TC(1.J) s (0.00.0.00)

RNULL(E.J) » 0.00

RESC({.J) s (0.00.0.00)

RZINV(I,J4) = 0.D0

RZINVC(1.J) « (0.D0,0.D0)

UNITY(1.J) = 0.D0

AMU(I.J) = (0.00,0.00)

$MC(1.4) = 0.00

Sv(l.J) = 0.00

BCHX(1.,J) s 0.D0

RA(L.J) = 0.

IROW(L.J) = 0

UNITYC(L.J) = (0.DG.0.00)

COTC(1.J) = (0.D0.0.00)

Z2INVCCII.J) = (0.00.0.00)

€$$(1.J) s 0.00

CSSINV(1.J) « §.D0

CINVZ(1.4) = (0.00.0.00)

BPIC(I.J) s (0.00.0.00)

RZU(1.J) » (0,00.0.00)

PC2(1.J) s (0.00,0.00)

DCFC(L.J) = (0.00.0.00)

LAR RS

IO,
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« ¥ R RETMATETRDT RIS

OCPC1(1.J) = (0.00.0.D0)
FC(1.4) = (0.D0.0.D0)
FCS(1.,J) = (0.D0.0.D0)
XVu(l,J) s (0.00.0.00)
Xvv(l.J) = (0.D06.0.D00)
%0T(1.4) » (0.D0.0.D03
SXCtl.J) = (0.D0.0.D0)
SXX(I.J) = (0.00,0.00)
RU(L.J3 = (0.00.0.00)
RV(1.J) s (0.00.0.D0}
RWI(L.J) = (0.00.0.00)
RVU(I.J) s (0.D0.0.00)
AXCL,4) = (0.00.0.00)
AX2(1.4) = 10.30.0.00)
io CONTINUE
D0 12 1 = 1.20
WK(L) = 0.00
WK1(1) = 0.00
GC(I) = 0.
WA(l) = 0.D0
WK&G(I) = 0.D0
12 wWK2(1) » 0.DO
DO 11 I » 1.NL
DO 11l 4 = 1.m1
3SI(I.4) = BI1.J)
11 BS(I.J) = 8(1.0)
B0 13t = L.250
WAREAS(I) = 0.00
WAREAZ(I} s 0.D0
13 WAREAL(L) s 0.D0
DOS I s |.l00
VLB(I) = 0.
VUB(I} = 0.
5 XBJ(1) = Q.
D0 14 I = 1.1000
14 IWK(L) » 0
D0 15 1 s 1,3000
1% WK3{l) = 0.0
CIllllll'lllll'llllll‘!'l!l'llll"llllllll!llllllllllll'lllll!l'llll!!"
c
c REINIT UT., BUILD COMPLEX A & FIND SVD OF 8
c
CﬁlllI'Illllllll‘llllllllllll-I!IIIIIHIII'!IIl'lIIIIIIIII‘IIIIII“I"DII
DO 20 ¢ = 1.NI
UNITY(I.1) = 1.D0
CUT(I.1) = ;.20
UNITYC(I.I) = (1.D0.0.D0)
uTI.1) = 1.30
00 20 J = 1.NL
20 AC({I.J) s DCMPLXC(AC(I.J},0.00)
CALL LSVDF(BS.10.N1,M1.UT.10,N1.8.WK,.IER)
CALL RANKD{BS,UT.S.N1+M1.UOTC.UlTC,RZINVC, IRANK. 8GI)
CALL FRTCMS('CLRSCRN °*}
IF(IER.NE.33)GOTO 25
WRITE(6.24) IRANK
26 FORMAT(/SX, *wuwn B [S RANK DEFICIENT, RANK & ',12,' wuse‘,/)
GOTO 42
c DECOMPOSE B
[ ®IND U
28 IRANK » M]
DO 21 I = 1.N}
0021 4+ 1.NY
21 (IS SRR IRT) JOTE § )
c FIND UG & UO TRANSPOSE
DO 22 1 & 1.NI
00 22 4 = 1.M
Uo(I,J) = UCL.4)
UeC(1.,J) =« DCMPLX(UO(I.J3.0.D0)
UoT(J.3) 8 U(1, )

AT
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X
'y
15
K
X
e 22 UOTC(J.I1 = DCMPLXCUCT.J).0.D0)
e c FIND UL & Ul TRANSPOSE
‘,': DO 25 1 » L.N1
'fq:% DO 25 J = ML + 1.NL
el VLT ) » UCod)
UIT(I-MLLT) & UC1.d)
I VITC(I=MI.T) & DCMPLXCUCT.J).0.00)
W
nY 00 30 1 = 1.M1

[}

nd DC 30 J = 1.M1
"‘ VICI.J) » BSC1.J)
‘ S0 CONTINUE

!ﬁ“ WRITE U FOR DESUG

» s ARITE(6.500) y
cog FORMAT(/SX, " *nwn y FOR 8 = UDVNNT) wanw',/)
¢ DO S50 J ¢ 1.NL
:-. ¢ WRITE(6.5251(U(J.KI.Kal.N1)

TR 526  KORMAT(1X.4(E10.3,1X))

Mo €S0 CONTINUE

N ¢ WRITE UOT AND ULT FOR DEBUG

\ ¢ WRITE(6.600)

-

c30 EORMAT( /85X, "wunn OT wnun',/)
DO 650 J = 1.N1

o

) ¢ WRITECE.525) (UGBTI KI . Ksl,NT}
"{ €S0  CONTINUE
y :\l ¢ WRITE(6,700)
SJ coo FORMAT(/SX. ' wume UIT swumw',/)
\j c DO 780 J s 1.N1
\J c WRITE($,528)(YIT(J.K3.Ksl,N1}
ey €S0 CONTINUE

00 000 00 00 00 900640000000 0O 50000 000900096 00 00 00 08 0 SO 0036 0036 30 90909000 00 08 50 96 00 U0 08 U 00 00 00 9000 00 00 06 0008 00 08 06 08 30 90 90 00 00 00 90 9%

0 [o]
20 c FIND RZ s DIAGCLAMDI LAMD2 ....>vnaT
‘j ¢
‘Lﬁ clllllIIIIIII‘IH.I'IIIIIIIIIIIIIII.'IQIIIHQII'I..lIIIIII‘II-.IIQ-.IIIIII
:.r DO 40 I s 1.M1
PGy DO 40 J = 1.MI
v 40 VT(1.J) s VICJ. D)
00 S0 [ = .M
< 80 SMCI.1) = S(1)
‘. CALL VMULFE(SM.VT.M1.M1.M1,10.10.RZ.10.IER) .
yC DO 61 I s 1.m1
:' DO €1 J v 1.M]
. &1 R2C(I.J) = DCMPLX(RZ(1.J).0.00)
Y ﬂ cll.llIIIIIIIII.II'I'IIII-I.IIIIII‘UIHII'l"lllll...---IIIIIIIIIIIIHIIFI
) c
¢ COMPUTE UsSIGMA®V TRANSPOSE KOR PGM DEBUG
¢

009090000 9800 890 000 00006 90 5090 0 000 9000 3030 050 3000 506 6 00 0 00 090 1030090 0000 100 3000 004903090 000 0000 00 0 066 00 000 690 0 90 0 90 00 0
DO 825 J s 1.NI

825 SMC(J.J) » S(J)
CALL VMULFF(SMC,VT.N1.M1.M1,10.10.Sv.10.[ER)

SR

o’ : CALL VMULEF(U.SV,N1,HM1.M1.10,10,B8CHK. 10, IER)
WRITE(6.800)
800 FORMAT(/SX. ' nunn U » SIGMA # VTRAN wwnun',/)
*;; DO 850 J » 1.N1
> WRITE(6,525) (BCHK(J,K) Kol M1)
% 850  CONTINUE
: cIIIIIIIIIIlllIN.IlliIll'lﬂl".l'lll'IIIIINIllllllllﬂlll'll'!llll.ll.llll
o c
L c “SELECT" EIGENVECTOR MATRIX
h c (PROGRAM EITHER READS IN THE DESIRED SET FROM SYSTEM DATA
. c FILE OR WILL READ LATEST DESIGN EIGENVECTOR MATRIX FROM
’: c PREVIOUS COMPUTATION) °
" ‘ cII.IIIIIlIIIlI--'.I'I.I.""II'I.I"IIIIIIIlIIIII.IIIIIIIIIIIHIIIIIIIII
4 &2 WRITE(6.69)
” '« 69 FORMAT(/10X.'swuw PRESENTLY IN KVECT, ENTER “1" IF YOU DESIRE wwnw
...l 1°.710%, *wann TO USE PREVIOUSLY COMPUTED EIGENVECTOR MA- waws’
o 2./10%. ‘mexn TRIX OR ENTER “2" IF YQU DESIRE TO RECOMPUTEwWwa*
$.710%. ‘wann THE EIGENVECTOR MATRIX. [LTTH
P
-
4
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[ 1Y3)
READ(».1030)10PT
IFCIOPT.£Q.2)60TO ¢7
DO 68 J » 1.NL
DO 48 K = 1.N1
READ(2,64)VIK.J)?
[ 1) PORMAT(2E12.5)
[2 ] CONT INUE
CALL PRTCMS(*CLRSCRN °)
GOTO ¢4
(24 WRITE(6.70)
70 FORMAT (/8X. ' nanw PRESENTLY IN KVECT SUBROUTINE., BASE wwww',/SX,

1 ‘ennn EIGENVECTORS ARE FROM DATA FILE. nunt, /8%,
: ‘wmuw PRESENTLY CHECKING IF THEY ARE MEM= wuws<, /S,
H ‘wnwn BERS CF ALLOWABLE SUPSPACE. “wun, /)

S1 00 7% I = 1.N)
DO 7S 4 = |.N]
75 V{I.J) 3 vO(I.J)
090000 00 00 00900690 90 90 90 00 000 00090 90 000 9090 00 0000 06 0000 00 000 00 090 90 50 00 0000 00 000904 00 D600 0630 5090 96 00 0 0006 0190 20 0 90 90 30 90 30 34 96

c

c CHECK [F DESIRED BASE RIGHT HAND EIGENVECTORS ARE MEMBERS OF THE
[~ NULL SPACE OF <yl TRANSPOSE w <A - LAMDHA I » [>>

c

c‘llll!l..llll.ll!lllll.lllll.'!l-lllllIIIlllllillIlIlllIlllllllIIIIl!Il
ICONJG « 0
00 65 1 = 1.N1
Il = EIGD(D)
00 Sé J = 1.N?
DO Sé X = 1.Nl
56 AML({J.K)} = DCMPLX(A{J.X).0.00) = JIWUNITYC(J.K)
[F(IRANK,EQ.M11GOTQ 43
IY = N1=JRANK
GOTO «¢
43 1ys Nl = M1
““ CALL CMATML(ULITC.AML.IY/N1.N1.RNWLC)
00 §7 4 » 1.NL
87 WV(J) = V(J. D)
59 CALL CHATMUIRNULLC.WV. IY.N1.1.WVIC)
00 S8 J s 1.1VY
58 RES(J. 1) = WVICLJ)
[+ FIND T-NORM QF THE RESIDUAL
¥ s 0,00
DO 76 J s 1l.1Y
76 Y s Y » DREAL(RES(J.1))#nl¢ DIMAG(RES(J.1))nn2
ROBJ = DSQRT(Y)
[+ 1F 2-NORM OF RESIDUAL IS OK -= JuMP OUT
I®(ROBJ.LE.1.D-06)GOTO 58

CRYNENEE NI R AR A TR NRN A AR U AN TR R DA BRI S R R AR AR RN NR AR IR AR AR U AT SN

c

c 1F EIGENVALUE (S COMPLEX, THEN PERFQRM THE OPTIMIZATION
c ONE TIME FOR BOTH THE EIGENVALUE AND [TS CONJUGATE.

[+

C500.0.90 40,00 0.0 00000 000 0001000909000 000 006000 000 8 00 900 08 0000 0054 5000 4090 090 0 00 090 090 9.9 00 00 00 0 00 06 O 00 ¥ 00 0 0000 0 06 0 00 0 00 ¢
IF(DIMAG(Z]1).£Q.0.D0)80TO 960
1F(ICONJG.EQ. 1)G0TO 97
ICONJG = |

960 WRITE(6.1000)1.ROBJ

1000 FORMAT(///SX. 'nunn RESIDUAL TOLERANCE EXCEEDED FOR DESIRED  wwwwm

1'./8%, ‘nunn BASE EIGENVECTOR NO. °*.12,' ENTERING ADS
Luwnn' , /8%, tewwh WITH ROBJ » °.E12.5, °* LLIEN
3./5%, ‘wmnn C~LOOP EJGENVALUES HAVE BEEN SPECIFIED.. nwuwe
&', /8%, *wwwn ENTER NO, OF ELEMENTS OF THE EIGENVECTOR wwun
$°./8%, ‘unnn WHICH MUST BE ARBITRARY. LLLL]
473

READ(»,1050)1ELE

CALL FRTCMS('CLRSCRN )
IFC(IELE.EQ.0)GOTO %62
%1 WRITE(6.1001)€ELE. T
1001 FPORMAT(/SX.'wmusn ENTER ROM NUMBERS OF THE ‘.I12.°' ELEMENTS LI T

159




1./8%, *unnn OF EIGENVECTOR NO,'.I2.’ WHICH ARE ARBITRARY swwwa'
2./5%, *anms IN 12 FORMAT, EXAMP_E: ~0102" nuwnt
$.7)
READ(#,1002) (IROM{J 1), Jnl, [ELE)
1002 PFORMAT(1012)
CALL FRTCMS('CLRSCRN ‘)

S0P 000000000 00 D0 00U 00 50000000090 00 000690 9030 00 90 00 00 50 D0 06 08 5090 90 00 000 0000 00 26.96 00 2000 00 90 06 00 00 00 O3 00 00 00 0 90 9030 006 00 30 08 00 90 00 90 %

J

[ .
b on c SET P FOR ADS OPTIMIZER CALL IN SINGLE PRECISION FOR RESIDUAL
b Jﬂ ¢
}_ c‘ll.'llll-...-.Il!'lllll.‘l'llﬁ'lllIllIIIIIIIIOﬂII!IIIIIIIIIII‘IIIIIIII
;". 962  SRCBJ ®» SNGL(ROBJ) .
T Y NFQ 3 0
ISTRAT 2 0
1OPT » 3
.!.j IONED = 1
\ NDV =« %N}
v NCON u 0
:. 16RAD = 0
o~ IPRINT « 1000
. NGT s 0
NRA = 10
W NCOLA = 10
] ¢ SET 30UNDS
G c ASK ALLCWED TOLERANCE ON DESIGN EIGENVECTORS
o IF(TELE.£0.016GATO 1007
’9.: 1008 WRITE(6.1003)
3] 1008 FORMAT(/SX, ' wens ENTER REAL UPPER BOUND OF ARBITRARY ELEMENTS nwws
s 1* /8%,  ‘weaw [N “F12.5" FORMAT, ENTER “1" FOR NO BOUND. wwwe‘)
READ(#.1020)UR
I WRITE(6.1004)
oy 1006 FORMAT(/SX, 'waws ENTER [MAG UPPER BOUND OF ARS{TRARY ELEMENTS waww
o 1°./8X,  ‘wusw IN “F12,.5 FORMAT, ENTER *1® FOR NO BOUND. #wwu')
W READ(*.10201UC
\ IF(UR.NE.1.£+06)COTO 1006 .
\ UR = 0.1E+21
- 1006 [F(UC.NE.1.E-06160TO 1008
Uc x 0.1Ee21
[~ 1005 IF(IELE.EQ.N1)GATO 1018 .
>~ 1007 WRITE(6.1010)
2 1010 FORMAT(/SX,'wsws ENTER ALLOWED EIGENVECTOR TOLERANCE IN “F12.8" FQ
}-, JRMAT wnmn®,/8X, wens FOR THOSE E{GENVECTOR ELEMENTS wanm', /85X,
S 2 ‘wanw WHICH ARE NOT ARBITRARY. wwnn, /)
‘_.,' WRITE(6.1011}

FORMAT(SX, “wunn ENTER TOLERANCE ON REAL PART wwuw',/)
READ(w.1020)EPSR

-
o
-
-

)
ap 1020 FORMAT(F12.8)
Y WRITE(6.1012)
~ 1012 FORMAT(SX,'wswe ENTER TOLERANCE ON IMAG PART wwun',/)
15 READ(#.1020)EPSC
0 1013 CALL PRTCMS('CLRSCAN ')
P Jd s 0
DO 77 J = 1.NDV-1.2
1 Jd s JJ e}
A\ KFIND = 0
5 IF(1ELE.£Q.01GOTO 1026
s 1014 DO 1028 K » 1.IELE
2, 1P (JJ.NE. IROWIK, 111GOTO 1025
mj\ KEIND » |
VUB(J) « UR
VUB(J+1l1 » UC
v VLB(J) » -WR
» VLB(Je1) » -UC
:. 1025 CONTINUE
P IF(KFIND.EQ.1)0OTO 1027
N 1026 X s DREAL(VD(JJI.I))
W Y & DIMAG(VD(JJ.1))
1 VUB(J) = SNGLIX) + EPSR
VUB(Je1) = SNGLLY) + EPSC
.
N
»
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VLBCJY o SNGL(X) - EPSR
VLB(J*1) & SNGL(Y) - EPSC
1027 X1 » DREAL(WV:.1J))
Y1 = DIMAGIWV(JJ))
SWV(J) = SNGL(X1?
SWV(Jel) » SNGL(Y1)
1CJ) s 0
ICtJ*l) s @
DF(J) s 0
DF(J*l) = @
7 CONTINUE
84 CALL ADS(INFQ.ISTRAT.10PT,IONED. IPRINT, IGRAD . NDV . NCON . SWV, VLB
1 VUB.SROBJ-G-XDG.NGT.XC.DF-RA.NﬁA.NCOLA-ﬂKS~3000-IMK-&OOU)
Sd o= D
00 78 4 s (.NDV=1,2
JJd s JJ e ]
WV(JJ) 2 CMPLX(SWV(J).SWV(Jel))
7 VIJJ1) = WVCID)
IF(INFO.EQ.C)GATA S6¢
c REEVALUATE 0BJECTIVE RUNCTION
CALL CMATML(RNULLC WV, IY.N1,1.WVIC)
00 82 J = 1,1Y
82 RES(J:1) » WVIC(y)
Y s 0.00
DO 85 J s |,iv
L} Y @ ¥ + DREAL(RES(J.I))%%2 + DIMAG(RES(J.1))nw2
ROBJ * DSQART(Y)
SROBJ = SNGL (ROBJ)
c CONTINUE WITH ADS CPTIMIZATION (MINIMIZING ROBY)
GATO 86
[ WRITE(6.95)ROBJ. L
” FORMAT(/1X,'%¥sww OBJECTIVE FUNCTION VALUE s *,E10.3.° wwun', /1),
1 ‘wsww FOR EIGENVECTOR NO. *.12.° LLLLANVE
IF(DIMAG(21).€0.0.D0)GOTO S5
IF(ICONJG.EQ. 1)GOTO 8§
L 24 50 98 K s 1.NL
ICONJG = 0
" YKL 3 DOOMIBIVIK,1-1))
111 CONT INUE
cl.lllllllll.llll'llllllll'll!IIIl'lllllll‘lllllll'llll.“‘lIllll'llll‘l

c

c DISPLAY RESULTS OF SULTHCA-LAMDHAS [>>DESIRED BASE EIGENVECTORS

[+

Cl-l-nI-----ll---l-----nq-la--n-n:n--lIu-l--.l--I-Illn---i----ln-l--'-l-
WRITE(G.65)

5 FORMAT (/ /5%, ' wumw THE FOLLOWING MATRIX OISPLAYS THE “NEARNESI™ OF»
iwan®, /5%, ‘wmws THE DESIGN EIGENVECTORS TO THE ALLOWABLE SUB- "
Swmwe /8%, ‘wewn SPACE FOR THE SYSTEM UNDER aNALYSIS IN COLUMN «
Iwunt ., /SX,  ‘wawe FORMAT. IF THIS “NEARNESS™ MATRIX IS NOT SATIS- »
annet . /8X, ‘wwan FACTORY, ENTER “1v, KVECT WILL NOW USE THE DES- »
Swmwc, /85X, ‘wwww IGN EIGENVECTORS AS THE NEW DESIRED BASE EIGEN-
éunn’ /8, ‘wmwe VECTORS AND REPEAT OPTIMIZER ROUTINE. QTHERWISE w
Tuune ,/SX. ‘wwan ENTER "2%. NOTE; “2ERO™ a 1.0~06¢ ]
| LIRS ]
DO 60 ! » 1.tV
WRITEI$.61)(RES(I.4),J8]1.N1)
[ 3 FORMAT(1X.8(EB.1.1X))
(1] CONT INUE
READ(®.1050)ISAT
1050 FORMAT(I1)
IF(ISAT.EQ.2)GOTO ¢¢
DO 93 4 = 1.NI
DO 93 K ¢ 1,N1
R4 1 VB(J,K} s V(J.K)
goTo S1
cl.lll.l'l!l'lllll.Ill.ll'.lllllll'll"l.ll.'.IIIl.'lll.l..llllllllll"l
c
[~ FIND INVIV) ..., INVERSE OF OPTIMIZED EIGENVECTORS
c TO CHK FOR INVERTIBILITY

161
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c
(0 0000000 00090 00000 000000 000800 00 0090 00 0000 0 06 56 S0 S0 00 M0 N0 MM AEDE SN M M ANMMUMNNONNNNUNNSNANNNNNURNNNUNNN
[ DO 94 J = 1.NL
D0 96 K & [.N]
IF(10PT.EQ.1)60TO 211
WRITE(Z.641VIK.J)
211 VO(J.X) s V(J:K}
% VSAVE(J.K] = V(J,K)
[+ DEBUG WRITE STATEMENTS
c TITLEs 'V
[+ CALL CWRITE(V.NI1.NL.TITLE)
[« CALL CWRITE(UNITYC.N1.N1,TITLE?
CALL LEQTIC(VSAVE.N1.iO0 UNITYC, N1, :0.0.WA. (ER)
SALL CWRITE(UNITYC.NL.nHl.TITLE?
CALL CMATML(UNITYC.v .N1.W1.Nl.VIV)
CALL CWRITE(VIV.NI.N1.TITLE)
RESTORE UNITYC AND REPLACE WITH VDI
DO 210 I = 1.N1 .
00 210 J s 1.N1L
VOI(I.J) » UNITYC(I,J}
210 UNITYC(I.J) = DCMPUX(UNITY(1,4).0.D0)
090 50 100090000 050 00 006 50006 00 9090 90 30 00 D0 06 00 56 008 96000 06 9000 30 50 00 000004 96 0 98 90 00006 006 00090 0000 04 00 90 D090 00 A0 00 0O 00O
c
c FIND 2-NORM CONDITION OF OPTIMIZED SIGENVECTOR MATRIX
c
5000090 00.009,90 96050 30 000 39090 9008 90 000 50050 000000 900400 058,90 000 90 40 00 00 9 00 000 00 0 0 2001600 90 90 0 00 90 400000 0690 0 00 100 00 0 00 04 OF
00 79 1 = 1.N1
00 79 J = L.N)
vOS(I.J) = V(I.J)
79 VDIS(1.J) = vOIC(1,4)
CALL CSVD(VDS.10,10.N1,N1.0.N1.N1,31.UVDS,VVDS)
CALL CSVD(VDIS.10.10.N1,N1.0,N1.N1.S2,UVDIS.VVDLS)
COND2 & S1(13mwS2(1)

000 o

c CALL FRTCMS(°CLRSCRN )

a2 “RITE(§.85)COND2

8s FORMAT(/SX, 'snun J-NORM CONDITION NO. OF EIGENVECTOR MATRIX swaw
1'./8%X.*wunn [§ ', £12.5."' wnen', /)

WRITE(6.1040)

1060 FORMAT(//SX.'wwnm [F 2-NORM COND NO. I3 UNSAT: anun', /S
1. ‘wuww ENTER “1% TO MIN COND<v> VvIA ADS. nwnn', /8%
2. ‘wunw ENTER =2 TO RETURN TO aDS MIN OF RE~ wwww’,/Sx
3. ‘unan SibuaL OF <v>. wanw',/5x
4. ‘wnwu [F 2-NORM COND NO. 1S SAT: ENTER™S"™ LLLLANYS 34
$./7)

READ(».1050)ICOND
1050 FORMAT(!1)
CALL FRTCMS('CLRSCRN *)
IF(ICOND.£Q.2)60T0 51
86 IFCICOND.EQ.3)GOTO 91

5010000 00000000 30060000 00 0000000 009030 00 000006 06 58 99 50 00 90 0008 M0 00 08 00 00 00 30 09 5 00 00 00 0606 00 OF 3600 00 0K 000 00 06 00 00 00 00 00 06 00 o 00 0E 00 08

SET UP OPTIMIZER CALL FOR 2~NORM CONDITION NO. OF V
NQCON ¢ 8 QF ORTHOGONALITY CONSTRAINTS
NSSCON » 8 OF ALLOWABLE SUBSPACE CONSTRAINTS
NCON = TOTAL 8 OF CONSTRAINTS
CAUTION?!! WNOT OPERATIONAL

o0 0000oO0n

Ay T T e T Y R Y T TR T AT Y Y )
COBJ = SNGL(CONDQ)
INFO = 0

[ T e R T L L L L P R L L LI L L L L LI T T
ISTRAT = 0
10PT s 4
{ONED » 7

L P T P R T P Y P LTI LT Y T LT

NSSCON = N}

c WRITE(6.1070)
CO70 FORMAT(//SX, wwnw ENTER NUMBER OF ORTHOGONALITY CONSTRAINTS wuwe',
c 1 /8%, ‘ewmw IN I3 FORMAT, EXAMPLE, “0¢" wnun’,/
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,‘!ﬂf‘q‘]v%}tf!(Hp;n}ggru‘,tr\x:ﬁNJ1FU\-u1-91‘gxr-x-'\-wna-l—c|

[ 2
[+ READ(», 1002 )NOCON

NCON = NSSCON

IGRAD » 0O

IPRINT = 2020

NGT s 0

NRA = 10

NCOLA s 10

NDV s Cw#N1wN]

Iy = N1 - M1
IE THIS IS NOT THE FIRST PASS THROUGH THE CONDITICN NUMBER
MINIMIZATION, ASK THE USER IF HE/SHE DESIRES TO USE THE
CURRENT ZIGENVECTOR MATRIX OR [F THEY CESIRE TO USE THE
ZIGENVECTOR MATRIX COMPUTED CURING THE RESIDUAL HINIMIZATION.

ARITE($.,:071)
1071 FORMAT(/S5X, ' wwww [F THIS IS THE INITIAL CONDITION NUMBER PASS eww«

Ny oAsAes
a a0

1'./8%. ‘wuww ENTER “2”. !F NOT AND YOU DESIRE 7O REENTER wwww

5h 2. /8%, ‘awwn THE OPTIMIZATION WITH THE UPDATED EIGENVECTORwwaw
LAY ‘wauw ENTER “2%. OTHERWISE ENTER “1" WHICH WILL RE-wwwu
', /58X, ‘ewnn START THE OPTIMZATION WITH THE SIGENVECTOR numn
8, /%%, “amew MATRIX IN "DESVEC™ DAYA FILE. LA
$':/)

READ(».1050)11CON
IFCIICON.EQ.23GOTO (072
DQ 1073 4 s 1.N1
00 1073 X s 1.Nl
1073 V(J.K) = vD(J,K)
< aSK ALLOWED TOLERANCE ON EIGENVECTOR ELEMENTS
1072 WRITE(6.1080)
1080 FORMAT(/SX. ‘wwww a7 LEAST TWO EIGENVECTORS MUST FLOAT DURING THIS
I owwman' X, ‘wuwn OPTIMIZATION. SNTER “HE COLUMM NO.3 OF THE EIGEN-
S mwan /8K, uwnn VECTORS WHMICH MAY “FLOAT™ [N ASCENDING ORDER IN
S wanw’ /78X, ‘unnn 12 FORMAT. EXAMPLE: "0102“ WILL FLOAT Ev = 1 § 2.
4 wnuwt,/)
READ(®,1002)CIFLT(2).1u] N1}
ARITE(6.1003)
READ(#.1020)UR
WRITE(6,1004)
READ(®.1020)UC
IF{UR.NE.1.E+06)GOTO 1082
1081 UR ¢ 0.i€+21
1082 (F(UC.NE.) . E+Q6)GATC 1084
1088 UC = 0.1&+21
1086 WRITE(6.1010)
WRITE(6.1011)
READ(%.,10201EPSR
WRIYE(6.1012)
READ(*.;0203EPSC

Js 1

c REINIT AND SET BQUNDS
DO 130 K = §,N}
IC1iK) = 0
DE(K) = 0.

DO 150 L = }.N1
X » DREALIVIL.X))
Y = DIMAG(V(L.X))}
XBJ(J) = SNOL(X)
XBJLJ*1) » SNGLIY)
00 181 {1 = 1.N1
1351 IFCIPLT(IT).EQ.X)GOTO 200
VUB(J) = XBJ(J) * EPSAR
VUB(J*1) » XBJ(Jel) + EPSC
- VLB(J) = XBU(J) - EPSR
VLB(J*l) & XBJ(Je]l) - EPSC
JeJe+2
GOTO 130
200  VUB(J) = UR
VUB{J*l) = UC
VLB(J} = =R
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r %
)

. VLB(Jel) » ~UC

el

t “ 3 s Je2

el 130 CoNTINGE

el c DEBUG WRITE STATEMENT

,t:i' c WRITE(6.2000)

i €000 PFORMAT(/SX.‘wsse VECTOR BOUNDS FOR ADS wsee’,/)

c DO 2001 J = 1.NDV

? [+ WRITE($.2002)VLEIJ ). XBIL(J) . VUBLJ}
: €002 FORMAT(iX.$(E12.5.2X))

,
*‘
o €001 CONTINUE
N c DERINE CONSTRAINTS AS NONLINEAR. INEQUALITY
\-: DO 135 [ = 1.NCON
)

’ L35 1DGLtI) = € -
2 SET BOUNDS 3N CONSTRAINTS
< WRITE(6,1060)
C060 FORMAT(/5X. asen ENTER ALLOWED TOLERANCE ON NON-QRTHOGONALITY swuee
*\ c te.ssx, Tunwe OF EIGENVECTORS N DECIMAL FORMAT. enee
_..: c 200
'eH c READ(®.1020)€
- WRITE( 4, 1062)
>, 1062 PORMAT(/5X. ‘woum ENTER NEW DESIAED EIGENVALUES FOR CONDITION suss
¢ 1°, /8%, * NO., MIN. ENTER [N SAME ORDER AS DATA FILE. neny
Y4 ) ' NOTE: EIGENVALUES MUST BE ENTERED [N Samg ssen
] : 3. /8%, CRDER AS CORRESPONDING CIGENVECTOR. [F £~ eane
&, 4. /8K, SENVALUE CORAESPINDS TO & “NON-FLOATING” scne
2, 5. /8. €IGENVECTOR. [T SMOULD PEMAIN “HE SAME AS  eses
‘; . /8%, ‘usem 175 INPUT vALUE TO “AINTAIN DESIGN QAQMTS. ssan
Tz
WW 0O 1068 4 & 1.NL
WRITE(6. 066,
,‘. 1066 SORMAT(/L0X, wnus ETIGENVALUE WNO. '.I2.° euss' . /Sx. REAL PAAT ",/
-.‘ READ(=. 1068 )X
. 1068 PFORMAT(F|2.9)
,r WRITE(6.1066)

1068  TORMAT(SX, ' (MAG PaARY «' .
READ(®. 10681V

. £IGD(J) » DCMPLX(X.V)

063 ZONTINUE

‘.f' WRITE(S.1061)
1061 FORMAT(/SX, emee ENTER AL_OWED TOLERANCE % ACHIEVARLE 3UB- seae
. hd 10, /8X, ‘wune SPACE IONSTRAINTS. "3 vALUE “ORRESPONDS
2. /8x. Tewes O THE ALLOWABLE EUCL IDEAN DISTANCE SETWEEN
L $° /80, ‘waee THE DESINED EIDENVECTOR aND TME ACHIEVABLE
\.‘ &' /8K, ‘esee SUBSPACE CORRESSONDING TC THE E1GENVALJE EN-
1o 5.8, “sees TEAEC aBOVE.
. ./}
£ agAD(». 1020 €
< ZALL mRTCWS  cLasCON
| ; c oPTINIZE
L°, 190 CALL ADS(INFO. IJTRAT.IOPT, [ONMED. [POINT. 3RAD. MOV . NCON. KD .
Lo L VLB VUB.COMU.GC. 1D0L . N0T (71 OF Ra.MRA. NCOLA.WKS $000. (WK, (000
N4 c EVALUATE OBJECTIVE & CONSRAINTS
Lel
DG 140 J & | .M}
y « D0 140 X o [.w]
" L VIN.J) » COHMPLEIXBUIL . MBI o]
. VSAVE (K . 4! » V(K. J]
L ]
4 Cew -2
K 160 CONTInuE
n CaLL LEGTIC/ vIAYVE M1 . 10. MITVE wi .7.3 ma (ER

0O 142 . o 1.~}
DO 1647 « o (. w}

oy 142 WOI(u.X) o NITYCE, 0.

e D0 168 L, o |~}
,: 20 168 € o ; n;
'~ 148 UNITYE , K1 & DCMP 8 MNTTe o a0 30
of CALL TWSTRNiND G HD, € 8. NN A B ITF FIGE MITe e mel et
(S [ (S

00 (80 L e i
.-
16d

.

.-
P,

.

~

A

N




00 180 K = 1.N]
VOB (J. K} » V(J.K)
180 VOIS(J.K) » VDI(J.K)
CALL CSVD(VDS,.10.10,M1,M1.0.N1.N1.31.UVDS.VWDS)
CALL CSVO(VDIS.10.10.N1,M1.0.NL.NL.32.UVDIS, VWDIS)
COND2 » S1{1)eS2(1)
c CALL NORM(V.M]}
< CALL NORM(VDI.N1)
IFCIMFG.€0.0)160TO 92
COBJ & SNOL (COMDY )
G0TO 190

PSRRI NSRRI NI E RN NN DU NTNY S IR RINAR ARSI RENAN NI NAR BRI RES

C L L L L R T e Y LY Y LY PR L R AR T L)

[+
< IO Ur<nMY . VDl> suee NQTE: /DL v NVEUD>

” DO 80 [ « 1.NM]
80 €IGOM(I. ) « €16D( )
CALL CMATML (EIGO™. VDL . NI N1.N1.EV])
CALL TMATML (V.EJ/I.NL.N] . MNl.VEV])
DO 90 [ e 1.N)
DO %0 J ¢ 1.N]
” vmACT.J ) o VEVIII.J ) = DCMPLX(A(L.J).0.00)
c BIND 3VD OF C
0 221 .. L.l
20 231 € LN}
T33(L.K e TIL.n])
P2 3 34K} s T,
CALL LSVDPICS. [ 3.L1.81.CUT.10.01.5C. uKa, [EN)
CALL IMMKDICS.ZUT.3C.LL-N1.COTC.CITC. JINVCC, [RANKC.COT Y
ARITE (6. 228 1NaNKE
88 FORMAT(  §x, seve I “aTAIN ~AG RANK s . [2.' eses’ )
[FOIRAMK . EC M1 ANDC . [RAMKC . EQ.N1)OGTO 209
Iv o Ml - [RAMK
Cai PEEDES 4. B.C.v.vDI.€1G0M.0G! . UITC.COL.N1.M1.L1. 1Y, IPEED.FC)
010 38

W CaLl CRATMLIVOTC, /A 9] .N]. N . UTVC)

SR PN SN e RN IRTIaER O T TR UGN EAEEASEALARACATSLERTRERRRRRARNROIRNS
c

c FIND INVERSE-RT> § "EEDBACK JAINS

c

C.III.'.I.I'I.III.. SRS N RN RPN ERNNIU PSRN DESRNONRERS susseRENEN
356 CALL JIMVI®(RZ.mp L2 ATINY. | HAREAD. (EN)

DO 06 4 s .M
M s¢ X = .M
% QZInvCl . ) = JCHMP_ X BTINVI,.X1.0.30)
TALL CRATIE CRTINyC. JTVC . M| W] . Nn) PO
wQDFy 82 (F ITER TrAM ® AL FTATE SEEDBACK
‘- lREET B, 07T lle
iy TALL L MATMY BT . TInyCT ML .N]. (BAMKC . FCT
CALL Cma™m i#70.20°C @) [RasC. | FC!
38 P leEED €C.1 2070 128
0O 2832 . e 1w
20 J83 N . | .M
TS M., e PT W

o

282 DC:. % o DL mrDr, & .9 DO
T TRATW. DC BT m) (| DCPC:
o0 113 . e ..
- <G § S SN TR
i 3 DPC, . & o Sl €+ DCPT!, L
AL RITLTODCEC L L 0 MITYEL L 0.0 wa lEW
TALL rRATE FrY . meltvC @] L (| #

or I3a . e ~|
on ts & &, N
214 MLV, @ e DCEPLE MiCer, @ ) DO

esveose sesvee

- P aq SR 17w Ex FREDRACT JalIn ANE TR yT(IL

J6S

N ' P A D" ] P P L S .
AL At tnl ool tal Inlala Il

WWWNT W W IWLI AT TV TYs

nEneET




- e d
SO X

28 DO 220 4 s L.M1
bn 220 K = 1,01
TIMAG s DIMAGIFC(J.K))
IF(DABS(TIMAG).QT.}.D~06)0G0TO 221

0 0
3
-
-
=
=
=

GOTO 220
1 X = DIMAG(RC(J,K))
WRITE(6,222)J/K.X
222  FORMAT(/SX,*wmew WARNINGY! F(°,I2,°'.',12.') HAS AN e, /EX,
1 ‘wumw IMAGINARY PART = *.E12.5./5X.
4 ‘wunn EIGENVECTOR MATRIX MAY BE ILL CONDITIONED wwumwn',/
3

ptd CONTINUE

CHNEB RN SRR AN NN B ERN N R AR RENRNENNANRBARRNENRRRURERT RS RN RN NN RS

[

[ SORT QUT REAL PARTS OF £ MATRIX

c

£5/00.0000 090 1500 00 90000000000 0 00 30 00 0 90 00909000 9 90 000 0 00 000 0090 0 90 00901050 00 9010 0 300 00 9050 000 0 00 0 00 00 00 600 04 00 00 90 00 36 0 o0 0 08 ¢
DO 132 J = .Ml
0O 132 K = 1,N1

182  F(J.K) a DREAL(FC(J.K]})

c WRITE(6.100)

CO0  FORMAT(/SX,'wuns § MATRIX RESULTS FROM KAUTSKY ALGORITHM wunuw',/)
c DO 10 [ = t.M}

c WRITE(6.1201(F(1,J)ed=s 1.N1)

c20 FORMAT(1X.6(£10.5.,1X))
cio CONTINUE

c FIND MINIMUM SINGULAR VALUE IN FREQUENCY RANGE .01 - 10Q R/S
CALL SVA(A.8.C.0.F.UNITY.NL,M1.L],i,SVM,SVMAX,SYM],SVMAK] . IFEED)
Xl = 20.00

00 230 I = 1,200
IF(SVM(I).GT.X11GOTO 230
SMIN » SVM(I)

X2 » W(l)
X1 s SMIN
-1 CONTINUE
WRITE(6,2640)SMIN, X2
260 FORMAT(/5X, 'smens MIN S.V. OF RDM = ' .E£]2.8.' wwmx’,/S5N,
1 ‘wann FREQ. OF MIN. S.V. s *L.EJ2.§,‘ swwe’,/5X,
2 ‘wuns ENTER “1“ TO OPTIMIZE THE S.V. wwww',/5X,
H ‘ennn ENTER “2" TO EXIT KVECT. wuwnt /)
READ(#.1050)IL00

I1F(1LQG.EQ.2)G0T0 133

CRUNANA AR NN T AR N RRIR NN N NN AAA N RN TN AR R NN NN TN RNR R R NN RN AN RN RRE NN

SET UM QPTIMIZER CALL FOR MINIMIZING MULTI-VARIABLE

KALMAN INEQUALITY FOR R = IDENTITY. ONLY BUILD ONE

DESIGN VARIABLE VECTOR AND UPPER/LOWER 30UND VECTOR

PER COMPLEX EIGENVALUE: PRESENTLY ONLY REAL CASES ARE HANDLED

0O 00000

5000000000900 000000090000 000000000 0000000000000 0000000000900 000 008 000 000 0O 00000
CALL PRTCHMS('CLRSCRN °)
WRITE(4.2645)
248 FORMAT(/SX.'wawn ENTER NO. OF ITERATIONS DESIRED FOR ADS swww',/)
READ(#,10021NITER
CALL PRTCMS(‘'CLRSCRN ‘)
WRITE(G.246)
246  FORMAT(/5X, "wumn ENTER MIN. S.V. TOLERANCE FOR ADS nwun',/)
READ(#.1020)8VTOL
CALL FRTCMS('CLRSCRN ')
INFQ o 0
ISTRAT » |
I0PT » )
10880 & 2
NCON = NI
IGRAD » 0
IPRINT = 2200
NGT » 0
NRA ¢ 10

166

v

R ’ e e e Y Y % % s
N PP e T

Py
L)

O AR e AU N N o SO U



+
L
'k
1

= A PRI PP

(S o N

[ MR 'Y

o~ bl

R

» W X

AR ML)

258

250

260

[+

300

310

c1e

340

330

358

331

RIS 5405 K SISO A G

NCOLA = 10
NDV » 2aN1sN]
Iy s N1 - M}
1TER s 0
SPECIPY EIGENSTRUCTURE
NORMALIZE EIGENVECTOR MATRIX FIRST
CALL NORM(V.N1)
DQ 250 I s 1.NL

WRITE(¢.258)1
FORMAT(//8X, *nuun ENTER NO. OF ELEMENTS OF EIGENVECTOR ‘,12.' wumw
1° /8%, "unun WHICH ARE ARBITRARY, annnt,/)

READ(*. 1050 ) TELEM(}
CALL BRTCMS(*CLRSCAN ‘1
00 260 [ = L.N1
HRITE(6.1001)(ELEMII),
READ(#.1002) (LROW(J. ). a1, IELEM(T))
CALL FRTCMS{'CLRSIRN *)
SET BOUNDS
WRITE(6.1008)
READ(»,10203UR
WRITE(6.1006)
READ(#,1020)UC
CALL PRTCMS(*CLRSCRN *)
IFCUR.NE.1.E+06)1GOTD 300
UR a2 0.1E+21
IFCUC.NE. 1.£+05360TO 310
UC s 0.1E+21
WRITE(6.1010)
WRITE(6,1011)
READ(», 1020)EPSR
WRITE(6.1012)
READ(¥.1020)EPSC
CALL FRTCMS('CLRSCRN '}
WRITE(6.519)1UR, UC.EPSR,EPSC
FORMAT(/5X+*UR ® '.E12.5,/8X,°UC ‘.E12.8./8x,°€PsSA = *.E12.8,
1 /SX.'EPSC = '.E12.5)
J el
00 330 I1 = {.N1
00 230 JJ » 1.N1
D0 320 KK = 1, IELEM(II)
[F(JJ.EQ. [ROW(KK. 11)1GOTO 328
CONTINUE
GOTO 340
VUB(J) = UR
VUB(JeL) = UC
VLB(J) s =UR
VLBLJ+1) = ~uC
J e 3
GQTO 330
X & DREAL(V(JJ,11))
¥ 5 DIMAG(V(JJ.II))
VUB(J) = SNGL(X) « EPSR
VUB(J*1) = SNGL(Y) + EPSC
VLB(J) » SNGL(X) - EPSR
VLB(Jel) = SNGL(Y) - EPSC
JsJe2
CONTINUE
DEFINE CONSTRAINTS AS LINEAR INEQUALITY
DO 335 I » 1.NCON
{0G1(1}) » 2
SET BOUNDS ON CONSTRAINTS
WRITE(6.1061)
READ(w,1020)€E1
CALL FPRTCMS('CLRSCRN *)
FILL = UP DESIGN VARIABLE VECTOR
JJ =}
DO 348 ([ o 1.N]
00 3485 KK o 1.N}
X & DREAL(VIKK.II))
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Y » DIMABIVIXK,I1))

XBJULIJ) = SNGL(X)

XBJ(JJ+1) = SNGL(Y)
368 JJ s JJ e 2

[+ DEBUG WRITE
IF(INFG.NE.0)GOTO 349
WRITE(6.348)
348  FORMAT(/SX,'wuwn ENTERING ADS WITH THE FOLLOWING wwww',./} .

DO 346 1 = 1.NDV
WRITEC6,3471VLB(L), XBJ(I).VUB(Y])
347 FORMAT( 10X, S(E12.5.3X))
346 CONTINUE
c CPTIMIZE
749 CALL ADSCINFQ.ISTRAT,[OPT, IONED. [PRINT. (GRAD.NOV/NCON.XBJ.
1 VLB.VUB.COBJ.GC. IDGL.NGT. IC1.OF «RANRANCOLA.WK3,3000.(kWK.1000)
c EVALUATE OBJECTIVE FUNCTION AND CONSTRAINTS
ITER » ITER ¢ 1
Jd = 1
ICONJ = 0
DO 3550 [ = [.NL
D0 350 J s 1.NI
382 VIJs1) = CMPLXIXBI(JII) XBJ(JJ*1))
141} JJ = JJ e 2
[ NORMAL [2E EIGENVECTOR MATRIX
CALL NORM(V.N1)
00 381 1 & 1.N]
00 381 J = 1.~}
351 VSAVE(L.J) = V(].J}
CALL LEQTIC(VSAVE,NL,10,UNITYC.N1.[0.0,.WA.[ER)
CALL CMATML (EIGCM.UNITYC.NL.NL.NL.EVI)
CALL CMATMU(V,.EVI.N1.N1.N1.VEV])
DO 358 { s 1.N1
DO 3885 J s 1.NL
VDI(1.J) = UNITYC(L.J)
UNITYC(L.J) » DCMPLX(UNITY(I.J}.0.00)
358 VMA(I.J) s=DCMPLX(A(1.J).0.00) « VvEVI(I.J)
TALL CMATML(UOTC.VMA.M1.N1.N1,UTVC)
CALL CMATML(RZINVC.UTVC.M1.M1.N1.FC)
TITLE » ‘EV*
[+ CALL CWRITE(V.NL.N1.TITLE)
[+ CALL CWRITE(VOI.N1.NL.TITLE)
00 360 I » 1.M
DO 360 J = 1.NL
368 Pll1.J) » DREAL(FC(1.J1)
CALL CNSTRN(N1.GC.X8J.E.£€1.NOCON.A.8.UITC.EIGD, UNITV.IY.UNITVC.
H AR 81
CALL SVA(A,B.C.R . UNITY . N1.ML.L1.K.5VM.SVMAX,SVML,SYMAX] }
%1 = 20.00
D0 265 ! = 1.200
[B(SVM(1).GT.X11G0TQ $eS
SMIN & SVM(I)
T s W(l)
X1 o SMIN
3¢5 CONT INUE
COBJ = SNOL(3MIN) - 1.0
CALL FRTCMS('CLR3CAN ')
WRITE(6.370)COBU. . SMIN.XZ,GC(1).6C(2).0C(5).0C(6)
370 FORMAT (/SX,‘sene CBJ o *.E10.8.° wsmww’', /8,
‘ensa MIN S.V. e ,E12.9." AT PREQ » *,E€10.8./8NK.
‘wana CONSTRAINT | o *.£12.8./8X. wnoe CONSTRAINT 2 o *
3.E12.5,/8X, " wuan CONSTRAINT § « ' E12.8,./8X, wsen CONSTRAINT & r
€.€.2.%.7)
[FPCINFO.€Q.0.0N ABS(COBJ).LT.SNGL(SVTOL)1GOTO 91
IP(ITER .GT . NITERIGOTO 9]

-

12 -

. S66  OOTO 349
c WRITE RESULTS OF KVECT FOR FURTMER USE N RECONEIGURATION
; ¢ sTuDIES.

183 D0 6400 ! » ).N}
MRITE(®. 401 (VIL. . J}. Je) . .N])




BABRNENRIESRTRVETWST T T

401 PORMAT(1X.4€12.5,/1X.4€12.5)

400 CONTINUE
D0 €10 I o 1.N1

410 WRITE(9,401)(EIQOM(L.J).Jsl.N1)
0O 418 I » 1.M1

418 WRITE(9.401)(R2C(I.J).Jel M)
DO 420 ! = 1.NI

420 WRITE(9.401)CUOC(I.J),Jul. N1}
00 430 I = | .M

450 WRITE(9.4012CPCCL.J) Jul.NL)
D0 438 [ = 1.M}

435 WRITE(9.601)(F(1.J).Jul,NL)
RETURN
END

(o DL XL L L T P ey L T R L Ly Y Py T L LAY P AT ]

SUBROUTINE CNSTRN: COMPUTES LINEAR. INEQUALITY CONSTRAINTS
FOR OPTIMIZING THE 2-NORM CONDITION NO.
OF THE DESIGN EIGENVECTOR MATRIX AND/OR
MINIMIZING THE MULTI-VARIABLE KALMAN
INEQUALITY RELATION,

0000000

cIIIIIIIIll.lll'IIIIlllll!‘l'..lllll.llllllIlIII.IIIIIIII’IIIIIIII!.II'I
SUBROUTINE CNSTRANINL.G.X.E€.E1.NOCON.A.B. U1 TC.EI1GD. UNITY,
IY.UNITYC. (RLT)

IMPLICIT REAL S (A~-H,P-2)

REAL*8 A(10-10).8(10.i0).UNITY(10.10)

COMPLEXS 1§ UNITYC(10.10).Y1TC(10.10).£81060(10).4M1(10,101}.
RN(10.10).WV1(10).wvE(10).23

COMPLEXRS VX (Z00)

REAL®4 0(20).41100).8.81 .82

INTEGER N1.NOCON. LY. IPLT(10).NDV. INDEX

NDV » 2enlen]

c 4 el

¢ 20 8 [ « 1.NDV-1.,2

c UREI) s CHPLKIK(L].X(Te1))

c Je )]

[ 1#(N1.2G.2607T0 .0

< IR (N].2Q.3)G0TT 20

c 1#(N1.€Q.6)G0T0 %0

c IF(N1.€Q.§100TO 1000

c IP(N}.€Q.6)GOTO 1000

c 1P (N1.2Q.7160T0O 000

c [®(%1.€Q.0)00T0 1000

A L L Y Y L Y Y L e R R Y P Y R L IS YY)
c

< ORTHOOONAL [ TY CONSTRAINTS

[

[ L T L L Y Y Y T P P R LYY Y
co QUi o CABSIVR.L)oVK(IZ) o VN(J)evX(4]) -€

c 80TQ (000

ce G111 » CABS(VN(]IoVN(6) + VRIJjovX(S) o VR(SIaVYN(s))~ & ¢
c Q) » CABS(VRI]IOVK(T7 ] » VM(|[}uyN(B) » VN(]|}ovN(®))- €

c O3] o CABS(VM(GIPYN(T] o VX(S)IevN(8) » VN($IoVN(®} ]~ €

c G0T0 10092

co GUl) o CABSIVNILIPYX(S) « VX(J1®VN(6) o VNS OVN{T] * VNI[&)evN(Q!
[+ i 1 -t

< O(2) o CABSIVE(L)IBVRI®) o VRIZ)ovN(]10) o vM(Sleym({]! «

4 1 VNG IeVN(12)) - €

c 0(S) o CABS(VN(I)ovX(1S) o VN(Z1ovR{14) « vyaIS)oyN(]18§1 =

c 1 VNi(aIoVYNR( 81 - &

c QUal o CABSIVIIG IaVK({®] o VRIGIOYNILO) o WR(TIOYMCLLY »

c t vRIglewR(iZ -

4 0(8) o CABSIVN(S)OVRIIS! o /NISIOVRITE] o wHIT InyN(|§) ©

4 1 vRigravNil41) - £

c Qi1 o CADSIVN(O)aVR(]1S) o VYR(IB10yRI16) o vN{]|teyRIl§) =

[+ 3 VNOI2)IevRijet) -

O NN NN IR E PN NNE RN PN N EP I IV AT T RNl ERUEEsRIUNTRNEOEEPRENEROORETRS
[
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c ALLOMABLE SUBSPACE CONSTRAINTS
[
C (1] [T 1] " L L]
1000 LL =}
KK = )

DO 31 I = 1.NI
21 = ElGD(1)
DO 32 J =« L,NL
DO ** K s 1.N}
32 WML CJ.K) » DCMPLX(A(J/K).0.00) =~ Z1%UNITYC(J.K)
CALL CMATMU(ULITC.WML1,IV.NL.N1.RN)
Jo s ]
INDEX = [ w N1 « 2
30 IS LL 3 XK., INOEX-i . 2
WVL(JJ) = CMPLXIX(LL).XC(LL*1))
o v Jy el
33 CONTINUE
KK » INDEX + 1
CALL CMATML (RN.WV1.1Y.N1.1.,WV2)
¥l s 0.D0
J0 3¢ 11 & 1.1¥
36 Yl s Y1 + COABS(WV2(I1))
GC1} = SNGL(YL) - €1
31 CONTINUE
RETURN
END

CRENEN NN NUNRIU NI IR N NER NN AN NN P RN NS RENNIN N AN N RSN RN VNN I RU RGN RN

SUBROUTINE CONTRL: DETERMINES CONTROLLABILITY OF COMPLEX
0-LOOP EIGENVALUES

o0 o000

AN NN NN NI NIRRT AN TN N AN AT TN NN AN N TR NN NI RATATARRNRNN
SUBROUTINE CONTRL(A.B.UNITYC.N1.Ml, (CTR.E1G. 11}
IMPLICIT REALYS (A=H ,P-2)
REAL«8 3(10).4(10.10).8(10.10)
COMPLEXS16 UNITYC(10,10).WMCL(10,103,WMC2(10,10).WMCS(10.101}.
1EIG10).MMCA(10.10).WMCS(20.201.21.22.33.0(10.10).V(10,10?
INTEGER N1.M}.ICTR(1GY. (Y
Il & gIGLI)
00 10 J o I.,N]
10 WMCl(J.J) & Z1SUNITYC(J.J)
D0 20 J = l.NL
D0 20 X o 1.N)
WMC2(J.K) = WMCL(J.K) ~ DCMPLX(A(J.X).0.D0)
waCS{,.K) & UNITYC(L.X)
CALCULATE SLAMDHA (1)
0O 30 J e« 1.M1
20 20 < o [.NI
M wHCS (S K) o WMCI(J.K!
DO €0 U » 1.N]
D0 40 X o .M}
(Y] WOCS (U .KeN1) o DCMPLX(B(J.X).0.00}
4 CALCULATE RANK OF SLAMDMA
1L e Mo N
CAL, CSVO(MCS.10.10.M1.11.0.N1.11.8.4.V)
IP(S(n1).LE.0.D0100TO 80
({4 18 SRR I
90T0 1000
0 [{=2d ISR ]
1000 AgTURN
o

P e EaEeerERE e N er R s e TN sl NN NI PO RN IR YN URERTR NN IRTETARN

n
a

SUBROUT [NE CvRITE. wRITES OUT A COMPLEX WATRIX FOR
10 3279 TERMINAL
A o IMPUT COMPLEN MA RN
INaeROMS OF 4 « [RCOCR MW OF &

N A a A

(9 eeEnEes e RNEsEr I aconIloeltuNL T icrvous teEsnNdlNENaEadO TSNNSO ETEES
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SUBROCUTINE CHRITE(A. IRA, ICA.TITLE)
IMPLICIT REAL®S (A-H.P-2)
COMPLEXR®16 A(10.10)

INTEGER IRA.ICA

CHARACTER=80 TITLE

WRITE(G.S)

PORMATC/ + ‘' AANAARSEANAARASSARUNARRN SRR ARNASRARIRRURANRNRNRNNERS , /)
WRITE(6.6)TITLE

FORMAT(/.144)

DO 10 J = l.IRA
WRITE(6.20)(A(J.K).K s 1.]ICA}

co FORMAT(B(ES.1.1XJ)

co CONTINUE

OO0 00000000

¢ ~RITE(6.5)

[ RETURN

c END

0010000000100 061000 0 00 000030 008 00 0000 000 0 06 006 000 0 0049000 010 00 00 090090 000 090 000 1000 10 00 00 30 0 00400 30 0000 0 0000 06 8 M OF
c

c SUBROUTINE COND: #INDS 2 - NORM CONDITION NUMBER OF

[ A SQUARE COMPLEX MATRIX

c

U600 00.06 08 00 0100 10100500 08 00 3000 90 4056 00 000 90 0000 50 30 06 0F 8.0 4000 90 100 06 090 00 00 00 96 90.90 90 00 90 00 90 3006 9000 04 9000 06 MO0 S0 00 WU MO0 SH U N ¥
SUBRCUTINE COND(Z.N1,XCOND)
IMPLICIT REAL®S(A=H.P~2)
COMPLEX%16 Z(10,i3),UZ(10,10).,vZ2(10.10).UNITYC(10.10).ZSAVE(10.10)
+UIZ(19.1063,vIZ(10.10).21
REAL®8 S1(10).S2(10).wa(10)
INTEGER NI
c INITIALIZE MATRICES
oS I »1.10
31(1l1a 9.00
s2(t) = 3.p0
WACI) = 0.00
D0S J = 1,10
21 = (0.00.0.00)
Y2(l.4) 2 21
vZ(l.J}) = 21
UNITYC(L.9) = T)
JSAVE(I.J) s 1
. UI2(r.Jy = 21
VIZ2(1.4) & 21
H CONTINUE
DO 10 [ = 1.N1
UNITYC(I,1) s DCMPLX(1.D0.0.00}
D010 J = 1.N)
SAVE(l.4) = 20(L. 1)
10 CONT INUE
CALL CSVD(ZSAVE,10.10.N1,N1.0.N1.N1.51.0G2.v2}
XCOND = S1(1)/817N1)

-

RETURN
END
L L T P L P PP T T PO Y P Y T TP
c
c SUBROUTINE NORM: NORMALIZES THE COLUMNS OF A COMPLEX MATRIX
c SUCH THAT LIX (Il = 1.0
[

P T P P L LT Y Y]
SUBROUTINE NORM(A. IN)
IMPLICIT REALB(A-H,P-2)
COMPLEXw16 A(10.10)
INTEGER IN
00 10 J = t,IN
X » 0.00
00 20! = 1, IN
20 Moe XN o DREAL(A(I.J)INN2 o DIMAGCA(I.J))Inn2
DO 10 1 « 1.IN
16 All:J) = A(T.J)/DSQRT(X)
RETURN
L]

171

f.;-i

4
a v -

LV B T U NPy
(LR ICNN OO O NRCAT O o F, L S OO N

b ACh skt d

WS W W, W R ——




s

-

SUBROUTINE RESWL.T: WRITES EIGENS RESULTS ON FILE 08

0 O0O0nQ-

Q“ c..l'.ll.llllllllll.l-lllllllll-llllllllllllﬂﬂllllll"ll'.l.ll'llll"".
SUBROUTINE RESULT(A.B.C.F FDEL.BOEL 2628 .L1.M1.N1)
) IMPLICIT REALE(A-H.P-2)
\ REALYE A(10.10),8(10,10).C(10.10).#¢10.10),FDEL(10,10),8DEL(10.10)
e COMPLEX®16 24(10.10).28€10).FC(10.10)
I INTEGER L1.M1.N1
WRITE(S.900)1L1.M1.N1
o) 00 10 1 s 1.NL
Pt 10 WRITE(S, 1000)(ACI ) . JalNL) -
00 20t a L.N1
e WRITE(8.i000)(BC(I.J)susl. ML)
DG 50 I s 1.LI
30 WRITE(8.1000)(C(I.J).Jei.N1)
00 40 1 « 1.M1
40 WRITE(S.1000)(F(T.J).usl.Ll)
00 50 1 s 1.N1
SC  WRITE(8.11001(26(.J).Jsl.N1)
DO 60 1 = 1.N]
60 WRITE(8.1000175(1)
00 61 1 = 1.M1
WRITE(B.1000)(FDEL(I,J).Ju1.N1)
00 62 ! = 1.N1
62 WRITE(8,1000)(BDEL{I,Jlsdsl.Ml)
RORMAT(3II2)
1000 FORMATC1X.6E12.5)
1100 FORMAT(1X.8E12.5./1X.6E12.5)
RETURN
END

(098 90 00 01 00 5800 9006 08 00 00 00 00 08 3% 56 50 06 50 08 90 30 00 000 90 90 00 U0 090 00 0000 00 000090 00 00 50 0000 90 00 00 06 00 30 00 10 00 00 00 00 00 00 00 00 0 00 0L 0006 00 08 00 0

Lot -

Vil

P N B
>
z

»
o
o
a
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[+ SUBROUTINE RANKD: ANALYZES REQUIRED STRUCTURE OF RANK DEFICIENT
[~ MATRICES
[~
<

[N N b

- o

lﬂ!'.I'l'llllll'll"ll.ll'!..l-lII!"llll‘lﬁ'l'..'lll"...l-lIIIIII'III
SUBROUTINE RANKD(BS,UT.$.N.M.UOTC.UITC.RZINVC, IRANK.BG1)
IMPLICIT REALWG(A=H.P=2) .
M REAL¥S BS(10.101.5(10).5M(10.10),R2(10,10).RZINV(10.10).
" 1 UC10.10).UTC10.103,VT(10.10).S1(10).WK(50).SMIC10.10},MAREA(200)
2.361(10,103.CGI(10.10).85M(10.10)
COMPLEX®16 RZINVC(10.10).UOTC(10.10),ULTC(10.10)
INTEGER MN.M. IRANK
IRANK = M
0011 s 1.10
001 J s 1.i0
» 8GI(1.J) = 0.D0
9 R2(1.4) = 0.00
f RZINV(I.J] & 0.00
UOTC(I.4) o (0.00.0.D0)
UITC(1.J) = {0.00.0.D0)
RZINVC(I.J) « (0.00.0.D0)
- UC1.4) = 0.00
1 VT(1.4) = 0.00
DO 21 s 1.50
WK(l) a 0.D0
4] 0031 e 1.M
K 1P(S(1).GT.0.00)GOTO §
IRANK o [-]
GOTO ¢
H CONTINUE -
. 00 30 1 s 1N
n DO 30 J s LI.N
SM(I.J) = 0.00
S0 W(I.J) v UTCL D)
DO 40 I « 1.N
DO 0 J = 1.IRANK

(]
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40 UOTC(J. 1) « DCMPLX{UCIJ).0.D0)
DO SOt e t.N
00 30 J s IRANK ¢ I,N
50 UITCC(J=IRANK.I) = DCMPLX(U(I,J).0.D0)
c DO 60 I » L.\M
00 60 1 = 1,l1RANK
DO 60 J » .M
(1} VT(1.4) = BS(J.1)

c WRITE(6.1000)
CO000 PORMAT(/5X. ‘U MATRIX'./)
c 00 1020 ¢ s 1.N

CO20 WRITE(6.1030)(UCl.J).Jsl.N)
CO30 FORMAT(1X.6(E12.5.1X))

< ARITE(6.1040)

C0GQ FORMAT(/5X,'S MATRIX'./)
c 00 1080 [ = I.N

COS0 WRITE(6.1030) S(I}

c WRITE(6,1060)

€060 FORMAT(/8X. 'V MATRIX'./)
c 00 1070 [ = 1.M

C37¢ WRITE(5.1030)(BS(I.J).Jsl.M)
00 70 1 = 1,[RANK
70 SM(I.1) = S(1)
CALL VMULSP(SM, VT, IRANK.M.M,10,.10.RZ.10.IER)

c WRITE(6,2000)

€000 FORMAT(/8X."RZ MATRIX'./}

c DO 2010 [ s 1.IRANK

CO10 WRITE(6.1030)(RZ(I.J)esl,M)

c TOL = 0.00

c CALL LGINF(RZ.10.IRANK.M,TOL RZINV. 10,31 .WK. [ER)

c WRITE{$.3000)

C000 FORMAT(/SX. 'wwnn SIGMA MATRIX PRIOR TO INVERSION ssun',/)
¢ WRITE(6.3030)((SM(T,J3.Jml.IRANK). 81, [RANK?

c CALL LINVIR(SM, IRANK,10,8M1.0.HAREA. IER)

DO 5001 1 = 1.lRANK
3061 SMICI.I) » 1.DO/SMII.1)

c WRITE(S.4000)
CO00 WORMAT(/SX. ' waww SIGMA MATRIX INVERTED weww',/)
c WRITE(6.3030)C(SMICT.J).Jel.IRANK), 121, IRANK)

€030 PORMAT(1IX.3(EL12.S.1X))
CALL VMULER (8S,5MI .M, IRANK. [RANK.10,10.RZINV.10.[ER]
0080 s 1.M
DO 80 J = ].IRANK
L 1] RZINVC(1.J) o DCMPLX(RZINV(I.J}.0.D0)
CALL VMULBE(BS,SMI .M, IRANK. TRANK.10.10.8SM,10,[ER)
CALL VMULEF(BSM. YT, M, IRANK.N,10.10.8G1,10.18R)
RETURN
END
0000000 06 050 090000606 90500000 9000 00000090 00000000 00000000000 950 000 o0 000 0 0000900000000 000 U000 o

<

c SUBROUTINE FEEDEF: CALCULATES FEEDBACK OAINS FOR RANK DEFICIENT
< B AND/OR © MATRICES VIA FLETCHER. ET.AL.
c 1988

cilll-'.lllllll-lllllllllllI.Illlllllllnll'..lllllll.ll.ll.lllllllllllll

SUBROUTINE FEEDEF(A.B.C.V.VDI.EIGDM.B8G].UITC.COI.N.M.L.IY.IFEED.FC
| §)

IMPLICIT REAL#S(A-H.P~2)

REALS® A(10.10).B(10.10).C(10.10}.B61(10.10).CW(10G.,10}.

CO1(10,10),C508C10),TOTBS(10),38(10).8C(10).WK(200),

CT(10.10).CTW(10,101.CTUT(10,80).8CT(10).CTAI(10,10),WK1(200).

WA(10).CO8J.COBJR,COBJL WEIGHL  WE [GHR , KORK (20 )

COMPLEX®16 AC(10.10).8C(10.10).,CC(10.10).Vv(10.10).#C(10.10).

0Q(30.10),50(10.10).008(10.10),T0T(10.10).T0TAC10.10).0QT(10.10).

U0(10.10).ACS(10,10).500¢10.10).BV0(10.10).BIC(10,10).C1C(10.10).,

€30(10.10),TOTH(10.101.CSUC10.10).C8V(10.10).TOTBUC10.10),

€ TQTBV(10.10).CS0SCC10.103,.TOTBSCI10,10),COUT110.10).TOTBUT(10.10)

$.C8VC(10.101,CS01(10.10).T0TBSS(10.10),TOTBI(10.10).WML(10.10),

¢ WM2(10.10).WM3(10.10).WME(10,50) . WMS(10.,10).WME(10,10),wM?(10,10)

7.WM8(10.10).M9(10,10).WM10010.20),WM13010.10).,WM12¢10.10),

" e

- N e

173




10

18

WMLS(10,10).WMI&(10.10).2.816DM(10.10),.BCB(10.10).CCCC10.10).
T0¢10.10).VDI(10.10).BCMP(10.102.CCMP(10.10).CCSS(10.10)
COMPLEX®16 CSOMP(10,10),WM15(10.10).TTBB(10.10),.TOTMP(10.10).
WM16(10,10).WM17(10,10).WM18(L0.10),WM20C10.20).WM21C10.10).
WM22(10,10),U1TC(10,10).CTITC(10.10).CTOTC(10.10),2INCTC(10.10),
AML(10.10),ATML(10,10).RNC10,10.10).LNC10,10.10).T(10,10).
VM(10,10),WM25(10,20) . WM24(10,10). WVR(10).WVL(10).EB(10.10).
NMR(10,103.NML(10.10),ROBJ(10).L0OBJCI0Y, UNITYC(10.10),
UoT(10.20).v0(10.10).FCT(10.10).FCS(10.10).8CFCL10.10),
BCRCC(10.10).CLM(10.10).8VALUCL0)  EVECT(10.10).VI(10.10).
VE(10.10).VEV(10.10).VMA(10.10).8Bv{10.10).FCG(10.107.U1CL10.10)
REAL®SG OBJ.X(50).VLB(50).VUB(SO).RA(C0.40).G(11,0F(20).WK2(4000)
INTEGER N.M.L: IFEED, IQ. IN« [RANCT, [V, [WK (1000} INFO.IDG(1).IC(10)
WRITE(6.10)

FORMAT(/8X.* wnuw PRESENTLY [N FEEDEF. SINCE RANK(C) < N. ENTER®wmn

@ N e LD N -

1 e/8%, *wnww DESIRED DIMENSION OF R.H. EIGENVECTOR SET FORwwew
20 /8%, tunnw SPLIT EIGENSTRUCTURE COMPUTATION. L LET]
3

READ(».18)10Q

FORMAT(I1)

CALL FRTCMS('CLRSCRN *)
IN s N-1IQ

INIT MATRICES
DO 11 1 s 1.10
€S0S(f) = 0.D0
TOTBS(I) = 0.00
SCT(I) = §.D0
WALI) = 0.DO
WVR(1) = (0.20.0.00)
WVL(I) = (0.00.0.00)
ROBJCI) = 0.D0
LOBJLII = 0.00
0O 11 J = 1.10
2 = (0.00.0.00)
ACII.J) » 2
BC(l.J) v 2
CCCr.J) » 2
CH(I.J) o 0.00
CT(1.J) « 0.00
CTM(I.J) = 0.00 :
CTUT(I.J) = 0.00
T(1.4) o 2
WH(T.J) 2
HMIS(L.J) 8 2
WMJG(1.J) = 2
NMR({.J) ® 2
NML(T.J) = 2
0QI1.4) v 2
30(1.,4) = 2
DON(I.J4) = 2
TOT(1,J) » 2
TOTAC1.J) 2
DAT(1.J) » 2
VOtL.J) = 2
ACS(1.J) =
$00(1.4) »
BVO(1.J) o
BIC(1.J0) =
ueT(1.J) «
VO(L.J) » 2
clctt.u) = 2
€s0(1.J) = 2
TOTB(I.J) 2
€3U(1.J) » 2
CIV(L.J) o 2
TOTBULL.J)} o2
TOTBV(L.J) o2
CS0SC(1.4) o2
TOTBSC(1.J) o 2

NN NNN

174




11
c

(2]

13

14

o0 o

[E e B e B o N PR }
.-
o~

N NN N N o I N N N T A e e

CSUT(1.J) = 4
TOTBUT(1.J) = 2
CSVC(I.J) = 2
UNITYC(1.J) = (0.00.0.00)
CONT INuE
BUILD CONSTANTS
INFOQ = ¢
WEIGHR = ].DO
WEIGH, » 1.D0
0C 12 [ & LN
UNITYC(I.I} = (1.D00.0.20)
00 12 J 2 1N
TIl.J) = VOIC4. 1}
AC{T,u) v DCMPLX(ACTD.J},6.00)
S8 (2t s L.N
0 13 4« 1M
BC(T.J) = OCMPLX(B(1.4),0.20)
0 16 [ » 1.
DO 16 4 s [.N
CU(l.y) = C(1.20)
CC(L.J) = DCMPLX(C(L.J).0.00)
CHECK 1F LEFT EIGENVECTORS 4RE MEMBERS OF N(ClwnTo(A-LAME] )}
FIND SVD OF CwnT
00 200 1 s 1.0
20 200 4 2 1.N
CTUT(J.J) = 1.D0O
CTH(J I » CU1.u)
CTeJ. 1) a CLL.

CALL SSVDFICTW 10.N. L. CTUT. 10 N.SCT.wK1. IER)
caLL ﬂANKD(CTH.CTUY~SCT.N.L.CTOTC.CTITC.ZZNC’CVZHANC'. T

BUILD NULL 3PACE CPERATORS FOR B AND Cunt

00 210 I = {.N
00 J08 U s 1N
20 138 < 1 1.N
AML(L.K) @ aClJ.K) = EIGOMIT, [ IWUNLITVC(,. .k}
ATMU(J,.K) » aCIK,,) = ZIGDMIT. I auNITVYC !, KD
CALL CMATML YLTC.aML. (Y. NN, M35 )
caLL CMATML  CTITC.ATMU = [RANCT . N. N, W2 |
80 198 JJ s L.V
00 206 <K s !.N
VICIXK. JJ) & ULTC(yJ.KK)
ANCL. 0. XK » w2300 .%K)

D0 2087 LJ v L.n-tRamCTY
39 107 <X » .M
[ IR SRR & B P {3
CONTINUE

€IND IB.ECTIVE TUNCTION

Co8Bs & 31.20
COBLR o 3.20
COBUL » 0.DO
1CONJG « D
DC 220 1 & |.N
IFCICONIG.EQ.1160T0 21y
D0 228 x s+ ;.M
Yo DIMAGIEISOMI: . )
IPrv £0.2.20'30%9 a6
FK N MIGGTD 23e
1CONLG o

WYRIK) o VIK.])

LS S

0 28 L. Iv
OC I3¢ xx o |.n

L AN { SR T

DC 33° L e i wimamce
NAEAN { ST ™

PR S - .- R o ) J
e e, LYo . ~ ,
PEL RS 4 T W T LR T S P




Y W

ol 27 L (JJ.KK) » LN{].JJ.KK])

« CALL CMATML(NMR . WVR.IY.N.1,ROBJ)
" CALL CMATMLINML.WMVL . N=IRANCT.N.1.LOBJ}
. DO 300 JJ = 1-1¥

300 COBJR = COBJUR +» COABS(ROBJ(JJI})
DO 301 JJ v l.N-IRANCT
301  COBJL e COBJL * COABSILOBU(JJN)
i GOTO 120
W 21¢  {CONJG ¢ O
‘\ 320 CONTInUE
C) COBJY s wEIGHRTCELR + wEIJM *CTBUL
o IBu * NG CTBL)
T OINFTLIZLL ST led
~R]7€ §.11C CCBUR...CBUC
N 330 STAMAT. Sd, wess SUBTPACE IDMOATIRILI TV TEST JERFOAMEL. eewv',

« \ Su. ® AT 3UBSPACE AESITLAL » L E.1.S.
o H JSK, wamw T “UBSPACE QESIDUAL v ‘.EIZ.S.
o 3 SM. esee ENTER 17 FOR aJ§ “INIM[ZATION
o A (8%, wwss ENTER “2° IF 3UBSPACE RESIDUAL X,
X s 8%, emvs ENTER 1® /oy ZESIRE TO USE PQEVIOUSLY
. /SX. wess OPTIM{TED RT AND _EFT EIGENVECTOR SETS.
v
READIE 181 IMIN
_\ AT LTS
. CALL SRTCMs. T a5TAn 0
. (B IMiNES I SCTT €L
) IE lmIn E3.0 327 e
.
e whITE s l8CC
~ Sef FOMMAT  §x. s CNTER L€ GWT FATTIR ERR aI5mT EIGENGTOUCTLRE wet. /)
AEAS o 11T . e
- “aITE 6.
' Ie. TTURMAT CX we INTED a€I0mT FACTIA KR _EFT EI1GENSTRUCTURE eec ./
. READ I I17 wE e
- ZAL. ~RTCMS. T ailew
> M R R LR R R AL L]
. )
: TOTIMITER IUNE €7@ _EFT anD BIGmT C_RSPACE A0w75
- e BT D AN CEIICR AR TLBLE LTTTUR WD PPER,
- - JOER PO JETT BT Lee EN CIE€avaL E METER
b W IeITaTI. NYONE TON. JGATE JEZTCR MQMT.
. ] -
~
P\ E T P T T
~ EEESEEEE 24 PRI
aY et .
D e
N e emen
~
" Ll S
f wal e
, 28 T . h
L4 o« e -
U4 s . -
- Y & e
AR LA
- - E . S8
_: ‘e P W=, e seer an a7 E2CANT T W D e FWVEITORG sese 5x.
-~ tese maAyF AFIN W CET Cw A yETT ENTER AN
S seve .aL € F T _Fugnt C T SAT(SEY (-
N . GLRGPATE MFS. RTeEN” I
S -l " 4 Te
: e P WaaT Ky eeve BT 4 " CBaw F o wews
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DO 240 KK » 1(N
I1F(ICONJG.EQ.1)G0TO 242
DO 260 LL e 1.N
RX = DREAL (VILL.KK)}
CX s DIMAGIVILL.KX))
Y s DIMAG(EIODMIKK.XK))
IF(Y.£Q.0.D00)GATO 289
IF(LL.NE.N)GOTO 280
NOV s NDV = 2uN
ICONJG = 1
X(JJ) = SNGL(RX)
XtJJel) = SNGL(CX)
vUB(JJ) s X(JJ) + BR
VLEB(JJ) 3 X(JJ) -~ BR
IP(CX.NE.0.00)GOTQ 284
VUB(JJ*i] = 0.0
VLB(JJ+1] = 0.0
GOTO 28s
VUB(JJ*1]) = X(JJel) « 81
VLB(JJ*Ll) = X(JJel) - B1
ICtJJ) s 0
1C(Jds1) = 0
DE(JJ) = 0.
DF(JJ+l) = 0.
GOTO 265
ICONJG = 0
GOTO 240
Jd e Jd e 2
CONTINUE
CALL ADS(INFQ.ISTRAT.IQPT.IONED. IPRINT, IGRAD.NDV.NCON.X.VLB.VUB.
1 0BJ.G,IDG.NGT.IC.DF.RA.NRANCOLA . WK2 . 4000, (WK, 1000}
EVALUATE OBJECTIVE FUNCTION
Jd s )
ICONJG = ©
DO 245 KK s 1.N
IF(ICONJG.EQ.1)GOTO 243
DO 245 LL » 1.N
1F(DIMAGIEIODMIKK KX} ). EQ.0.DOIGOTO 246
IF(LL.NE.NIGOTO 246
ICONJG = )
VILL/KK) s CMPLX(X(JJ) . X(JJ+1))
VH(LL.XK) = V(LL,.KK)
GOTO 248
DO 244 LLL = 1.N
VILLL.KK) » DCONJG(V(LLL.KK=~1))
VHWILLL KK} = V{LLL.KK)
ICONJG = 0
GOTO 245
dd =Yg e 2
CONT INUE
CALL LEQTIC(VW.N. IO UNITYC.N.10.0.WA, JER)
DO 2647 XK = 1.N
DO 247 LL = 1.N
TLL.KX) & UNITYC(KK.LL)
DO 250 XK = 1.N
DO 250 LL »= 1.N
UMITYC(KK.LL) = (0.00,0.D0)
00 282 KK = /N
UNITYC(KX,XKK) » (1.00.0.D0)
iF(INFO.€Q.0)GOTO 16
GaTO 208
SUILD SO AND TOT.DQ AND DON
WRITE(¢.251)COBJR,.COBIL
FORMAT(/8X, wane RT SUBSPACE RESIDUAL « ‘.E12.5,° wwww',/SX,
‘wswu LT SUBSPACE RESIDUAL = ',E12.8.°  wwww',/SX,
tesan ENTER ~1” TO RETURN TO ADS. ELSE unnw', /8%,
‘emmw ENTER "2%, neNnt, /)
READ(w, 231)IRTN
CALL PRTCMS(‘CLASCAN ')
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R CTE 41 OREAL DO L Lel e (el N
8.0 s0. BV

TALL CRATWL TYT AL (@M. N "1TA.

CaLL CRATMDOM.T0T.1Q.1Q.%.0Q7 !

DO 30 | e« | :Q

90 10 4 o 1.n
VAT, @ TOTAC]. 4 - DT

CALL CMATM (AC . 30.M.N.1Q. AC3)

CaLL CMA™ (30.D0Q.~.1Q.1G.300)

00 38 1 o .M

DO 3% 2 e 1.:Q
BvO(l.,) » ACS(I.J) - 300(1.J)

DESUG W TED

WRITE(6. 86
PORMAT(/SX. anus VO suse’, /)
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(1] CONT It
[y 20 79 [ e 1. imaNxC
XV e | .J0/C30%311"
10 C303CHI. 1) o SCMPLX NY.0.00)
DO 78 I o |.IRAMKY
XV e 1.D0/TQ7BS(I)
79 TOTBSZ(L. () o« DCMPLXIXV.0.D0)
V0 Te 1 e 1L
00 7¢ U e 1.0
7¢ C3UT(J. 1) » CSUCL. )
DO 77 [ e 1.10Q
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rd

ALY

LN

<
.
2

”n

LAY

O 0

-
s

O a0 000
e

00 77 J s }.1Q
TOTRUY(J. 1) o TOTBU(I.J)}
CALL CRATML (CSV.CS0SC. Q. IRANKE . IRANKC .CSVC)
CALL CRATML (CSVC.CSUT.1Q. [RANKC.L.CS0T)
CALL CHATML{TOTEV. TOTESC. M, IRANKT. [RANKT . TOTBSS)
CALL CHATML(TOTESS.TOTBUT. M. [RANKT, [Q.TOTBI)
MOORE PENROSE TEST FOR CS0! anD TOTS!
CALL CMATM_ (WM17.C501.L.1Q.L.6253)
CAMLL CRATML(CCSS. wMl?.L. L. [Q.CSOMP)
00 %1 [ e .0
DO ¢1 . s 1.(Q
wWelSil. L, 0 TIOMRL, ) - WML, 4]
JEBUS SRITES
“RITE &, 30
IIMMAT , 4%, suem T30 sese
Lo
WRITE(E. S (OREAL (WML 7T .U uel IQ)WTwlaL)
CALL CMATML (WM]@.TOTBI.[N.M, [N, TTBS)
CALL CHMATM_ITTER.«M1B. [N, IN. M. TOTMP )
0 T 1 e 1IN
00 92 , e 1.
Mle(l.J) @ TOTMP(].y} - wMIB(I.J)
DEBUG “MTES
RITE(e.98)
S0RMAT! /8%, ‘seen TOTH swwa’
L)
WRITE(G. ST ((OREAL ‘WMIB(S. L)) Ul . M), [a].IN)
#inD F1T
IALL TMATML (WMOO0.TITBI M. M. IQ. WM
TALL TMATMU (WM. U0T. M. iQ..uMS)
SALL CMATML . M3, CCC.M. L., aumS ]
PIND P27
CALL CHATM, (MMTO0.VO.M. M. [Q.umMé)
CALL CMATML (WMé.C301.M.[Q.L. WM7)
TALL CHATWML (WM?, CSC. ML L8
”inD P3T
CALL CMATML (WM20. 70T .M. M, [Q, WMo
CALL CMATML (Wh9 ., 4M18 .M, 1Q. .M. )
CALL CMATIR, (M| 1. vO. M. M. [Q.6M12)
CALL CHATML (MMI2J.C30!.M.1C.L.uM1S)
CALL CMATM, (WMLS.CCC M.L.L.WM16)
FIND FCT
DO 8S ! » 1.,
00 85 . e L.
PCT(L.JU) o -wMS(1,0) = WhB(l.J) » WHIG(].J)
FIND #|S
CALL CMATM_ (WMO.VO. .M., [Q.wMé )
CALL CMATML (WM6.C30T.M, [Q.L.WMT)
CALL CMATML (WM7.CCC.M.L.L.~M8)
*IND #23
CALL CMATML (WM2O,TOTBI.M. .M. 1Q MY}
CALL CMATML (WM$,UOT .M. 1Q.L . WM10)}
CALL CMATML (WM]0Q.CCC.M.L.L,WM11}
FIND P38
CALL CMATML (WM20,TOTBI .M. M. IQ.6M1D)
CALL CMATML (WM12.UQT.M.IQ.L, W13}
CALL CMATML (WMLS, WML7.M.L,IQ. WML&}
CALL CMATML (WM16.CSO01.M. 1Q.L.KMIS)
CALL CMATML (WMLIS,CCC.M.L.L . WMLI§)
FIND FCS
D0 BO I s 1.M
DO 80 J s 1.0
FCS(1.J) o—nMB(L.J) = WMILCL.J) +» WMIG(I.J)
FIND FCG
DO 3%¢ 1 = 1.N
DO 350 J & 1.N
vIitl.Jd) o T D)
CALL CMATML(V.EIGDM.N.N.N,VE)
CALL CMATML(VE.VI/N,N,N.VEV)
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L
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Lo At L

DO 338 1 & 1.N
DO 358 4 o 1N

388 VMA(L.J) « VEV(I.J) - AC(L. )
CALL CMATML(ULTC,VMA. IV, N.N.EB)
WRITEC(6.396¢)

336 PFORMAT(/SX.'snan EB aman’,/)
HﬂlT!(‘-SlS)((!l(l-Jl-J-l-N).I-l.lv)
CALL CMATML(BIC.VMA,M.N.N.BV)
CALL CMATMU(BV.CIC.M.N.L.#CQ)

c DEBUG WRITE BOTH FCS AND PCT
WRITE(6.310)

310 FORMAT(/SX," eusnu RIGHT FEEDRACK GAINS mmaw’,/)
WRITECG. 318 ((FCSCL.u). ol L1, Tat.
“RITE!H, 511

it FORMAT (/K. 'wewn _EF™ ZEENBACK JAING ewmu:
WRITE(S.315)C(FSTT,u),umloi).lnl .M}

318 FORMAT(IX.&C(1X.&12.%,(X))
WRITE(S.31s)

316 FORMAT(/SX, wawn GAY REEDBACK GAINS awnw', /)
WRITE(6. 3183 (CRCGII, I dml.L)ulu]. M)

MRITE(¢. 312!
3 FORMAT(/SX, ' wwan SELECT RIGHT OR LEFT QAINS wwan',,/8x,
1 ‘usan ENTER “|™ FOR RIGHT GAINS awes’, /G,
hd ‘emne ENTER “2% FOR LEFT GAINS neew' , /Qx,
s ‘weew ENTER “3* FOR GAV GAINS qwve' 1

READ(®.231)10
(®r1G.%Q.1160t3 2T
I®(1G.£0.3)6070 328
00 S15 1 o« .,
DO 318 U & ..
313 PCCT.J) » BCT(I.y)
9QT0 000
320 D0 316 | « |.m
00 S1& 4 » 1.0
3le PCIL.J) o PCS(T.u)
3070 1900
s 00 326 ! o .M
08 ¢ J o« 1.
326 FC(l.J) » RCG(I. 0
c RIND EIGENSTRUCTURE
1000 cCaALL CMATMU(BC.AC.N.M.L.BCEC )
CALL CMATM_(BCFC.CC.N.L.N.BCECC!
DO 600 I & 1.5
D0 600 J = 1.~
600 CLMUT.J) a ACC(I.4) « BCRCC(I.J)
CaLL Emccrcunm.m.l-suLu.Ev!C‘r.xu.nonx.x!R)
WRITE(6.410)
610 FORMAT(/SX. ' sswn EIGENVALUES RESULTING FROM FEEDER CALC wwaw', /)
WRITECS.620) (EVALUIT) . Inl.N)
620 FORMAT (1X.E12.8,1X,E12.5)
WRITE(6.630)
630 FORMAT(/SX, ‘wwwn EIGENVECTORS RESULTING FROM FEEDEF CALC waaw',/)
HRITE(C-Z’[)((EVECT(I-J)-J-l:N).l-l-Nl
RETURN
END
CIII'IIIIIIIIIIIIIIIllll'l!l.IlllIlllIllllllIlllllllll"lll'!lllll.'ll.l

c

c SUBROUTINE ALGSLN : SOLVES FOR BaSE EIGENVECTORS
c ALGEGRAICALLY
<

c---u---nu-------u--------n-no-----n------n---.-n--nl-------------------
SUBROUTINE ALGSLN(A.B.C.EIGD,E.UNITY.N]1.M1,L]1 V. WMAT)

IMPLICIT REALSB(A-H.P=2)

REAL 8 AC10.10).8010.5).C€10,10), UNITY(10.10),
AHKI(250)~AHK2(250)-ALSLAH(lO-lO).ALlNV(IO-lO).
H!(IO'lD).HS(lO-lO)-H‘(lO-lO)-HS(lO-10)-Hi(lOrlO)-H?(lO)-hl(lOl-
WMAT(10.10).89(¢103,3(20),WK(30)

COMPLEX w16 EIGD(10}.E(10.10),v(10.10)

INTEGER N1.M1.L1.111
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-
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0 o 60

10
[ []

«0

40
1000

CALCIAATE SLANDMA
DO 1800 1 o {.Mi
REINIT SLAMDNA
DO 10 11 = 1.10
DO 10 JJ = 1.100
ALSLAMIIT.J0) o 0.DO
CONT DU
RECOMPUTE ALILAM FOR EACKH ClaEMvAL T
9 38 J e 1.NL
DO 20 K « 1.n}
aLan(,. <) s DREAL'CIGD(L ) 1eumITYI i X - AL_.R)
SONT INuE
“a1Tg 2 CEBUG
WS L e M)
AR ITE . 36 (ALSLAMT .k . Ke) . N|
ERmAT (.0 €i0.5.14))

TONT INUE
COMPUTE [NVERSE OF ALSLAM
111 e |

CALL LINVIF(ALSLAN. ML 10 .ALINY. | aa ). (ER)
MATTE(G.100) (T
COMPUTE C o INV<ALSLAM>
CALL VMULPP(C . ALINV. L1 4] . M1.10.10.m3.;0.1ER]
11t e (11 -1
L 254 SYTRY-TRREH
TOMPUTE C o INV-ALSLAM> o B
TALL VMAR® Wl B, . N1.M 0., 0. .8 DL ERY
I1le 111 « |
wRiT€s.100):11
UTE INVCC® INVALSLAM> o B>
MTEAMING [F PSEUDO INVERIE (3 2EQUINED
1P(L1.€Q.»1)GOTO 0
CALL PInvimE.L]|.M].u6)
CALL LOINMP(WS.10.01.M1.0.00.m4.10.3.mK.[EN)
GOTOo 80
CALL LINVIP(MS.L1.10.ma.]. AB2. [EN!
| S RINCERS & SN
WRITE(4.100)11¢
COMPUTE B = INVCCH [INVCALILAM> o B>
CALL VIMLFE(B.ma Nl 1.5, ]|0.13.48.10.(ER)
181 o 11D » |
WAITE(s.100)1L1
COMPUTE ALINV ® <BeINVCCTINVCALSLAM>S8>>
CALL VMULFE(ALINY. W8 N1 .N! .M, 10.10.w6.10.1ER)
117 e 11D ¢ 1
wRITET6.1003111
FORMAT(/SX, 0P NO.'.[2.° DOME [N ALGSLN')
COMPUTE Wé ¢ € AND THE W MATRIX
0 40 J s 1.L1]
WY (J) o DREALIE(J.ID)
CONTINVE
CALL VMULFF{Wé.W?.N1.M1,1.10.10.w8.10.1ER)
CALL VMULFR (W . W7.M1.L1,1.10.10.W9.10.1ER)
DO S0 J s 1.NIl
ViJ,1) = DCMPLX{WE(J).0.D0)
CONTINUE
00 60 J = 1.M})
WMAT(J. 1) e-W9(J)
CONT INUE
CONTINUE
RETURN
END

o

0000000000 000000 00 00009090 000090 90 00 0006 00 0 U000 OV 00090 00 01090 00 90 000 00 000000 00 00 000090 00 00 08 00 00 40 00 00 00 00 0 90 00 00 9090 00 00 00 0 08

c
c
[+
c
c
c

SUBROUTINE PINV: COMPUTES THE PSEUDO INVERSE OF AN
IRXIC REAL MATRIX. OUTPUT IS THE
ICKIR PSEUDO INVERSE (SEE GOLUB AND
VAN LOAN, "MATRIX COMPUTATIONS™.P. 139
CAUTIONs 1+ IF WARNING FLAG RESULTS DUE TO ILL CONDITIONED AwwT » A
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Coonevennesssserevreneensnsncesnsonsesnassssnnsose

DN o o000 0n

»
o

0O 0000 aon

-

e nn g0 nao
o

nonao
a

20 $2 1 v (..M

SECOMEND URING [WBL. “\OINP" VvICE Plwy

SBROUT INg PlMviAa. IR .IC.PLA!
IMPLICIY AL *0(A-1.p-7)
REALSG A(10.101.P14110 101 .47(,0.10) WNciT. .0} ualtga: 290

1 wi10.10'.P80]0.,0).aP8110.13 " 10 |0

INTRORR @ [C
PIND & THANSPOSE
DO 101 « .. 0
20 1 L oe 7
at1 .1 o &'l L

IO TMg
TThy LT -
N L LA NI L R R 1
-2 (TE M OB PRUGAAn €Y
o I LRI s

BTy 2000 eIl & el
ORmat w.e0 X0 ! x

e LW {
Finl Wy AT o o,
CALL IMYIF i (D Q. am] | maABEA. (EWM
BINC IMV-AT ¢ A e 4
TALL /AP ] At IC 1Dl (9 1 Bca 5 ES
JETENM [ F PIE 00~ vERSE AT (SRS T amE. sEs@ILE
TCMOLT aNA o 4

AL WA sF Pla.s " RT3, 08,0 g8
ALL YMA ST A.PA. . D. .7 17, .0.1) afs. . IE®
m “‘ Te e

3 s . Ne

TliLt e CABMIAIL. .\ . apat; )

e AR LY §

=_ivEe. 10!

FORMAT: /.9a, o8 WOORE-PEMROSE *U3T FOR PSELOD- (wy vvoe . gx

ABSOLUTE va Ufta - aNa) awne o)

LA 08 ST L RERAR VD TS I 1 5}
TORMAT NN 1EVY L
SONT I

T AN

0
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! APPENDIX D
. RECONF

»
.
Q
e e £ . &4’ o~ L et @ ¢
RICIEE e N
L 4 CME e Dath . mCAMALEY f- @ Se3Ee <atW €3
S *gaz A
:' SE_Cve Data o JARAGED ¢ @ IPITEN SATEIILS
- agay
®1.E 32 ¢ MOEI) NATa o+ MDARA NI ®.0 T!3EWS'TRUCT e
. &' W seap e
) WOUIG 3aTa o RE. NI OED Tl0 LGNS TOUCTURE
gaL
P I ¢ maATIMG JA'A €04 T WTALYT WP CMA'D
1, -y
'd ' f Y4 o P 8" ZaTa " @ I Ih NP, A8 JWRA
- L §
Lo L e TR RE IO EED AN
' =l g e egap:
O Y0 o MOAR. A A o SNDARAGED T @ WATRICES OB ML
TPALE amA 3IT WM T LLPACE  wlTE ThGy REL
K BE T s ENIRACE T Omw VT EIGENGR AT me
p T §
v : PILE .0 o SECEII DACA o RECOMPIOURED £ 10ENSTRUCTURE
X234}
\ P LI s AT caTa .« M
T{ N R TE DURING € o 3!
- TOR v P JAv!TH
. - S e
. 2
- R e ke b e T
> [PLICIY WAL B A= O-0)
[ ]

BEALes AS(MG(SS S8 BSINGISS. (D) [3IN0(19.88)

CIMEN3ION 4088 3% 9189 0. T 10.9%1.51:99.3)0.G2010.31.7 (018
» DUMEMBION #7 1 0a0,3..87.Cur'93.93) P3r93.99).UBT(98.93).301(3%

TIMENSION A B11d: C3209% .98 UCTI88 .59 .3C (%8 ) (110

: SIMENSION FTT U0 5§ BP.SS §%:. T MTIL.88.8% .M/ 330)
8 DIMENIION WIIO00 UNITYIS8. 88 a1 tI00; mALTSS ]
» DITENTION AP S198.95) 9P 0183.5: .CP.0(]8.33).00 8133.3)
. OIMENSION NAF §(2) NBF IO(2) . NCR BIZ).NDFIBI(2)
¥ DIMENSION UIS).AX(39) DUMG(SS) . DUMS(3S:
DIMENSION NUII 1. NKX(Z) . NDUMS (2 ). NDUMS (21.BG1(S8.891,CO1(38.88)
DIMENSION C*(38.38)
: COMPLEN® L6 E(357.4:100.100).08L(95.58) . UNITVC(SS.58),XDX(35.581,
y I XD(95.951.X1038.58).XS($3.88 ). KDXA(SS.93)
COMPLEX®1S UBOTCISS.58).UBITCISS.88) . BZINVISS.88)
' COPMPLEX®16 UCITC(38.881,UCITCISS. 881, CZINV(SS.88)
' COMPLEN®16 BUB(SS.98).CUC(SS.98 ). BUXD(SS.58).PC:8%.88)
" COMPLEX® L6 ETIL!SS . XTIL(100.1001.BGIC(55.88).CG{C(55,59)
COMPLEX® |6 ESLCWIIG) . XSLOMISS . 24 1.E5(55).SR.O(58.58)
R COMPLEXS ESING(24)
INTEGER K.{MOD.[WRITE. [EVECT.IELE.ISLOW.KFAST. [ROW.IDIS. IRESP,
s S IRANKD. [RANKC . IROWS . [STATE(SS) . KSTATE (38 ), [ORCER . 1FULL .NCONT,
ONST.NSTP, 1DAM
" CHARACTER#G NAME
A ¢
} ¢ INITIACIZE MATRICES
c
D0 10 1 = 1.5%
. €S(1) = 0.D0
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I1STATR(E) o @
00 16 J o 1.98
UNITY(L.J) = 6.D8
WNITYCIL.J) o DCMPLRID.09.0.D0)
CAn(l.y) » 9.D0
OEL(1.4) o DCMPLX(0.D0.0.D0)
MCX(1.,) o DCMPLX(0.00.0.00)
B(1..1 » DCWPLX(0.00.0.00)
HLCl.J) o JCMPLX(0.00.0.00)
Xil.u) o DCMPLR1G.00.0.001
BUNB(1. L » DCHMPLX(0.00.0.00)
uBT(L.y) s 1 DO
Xr't.,r e :.080
ElcY I ORI T |
Jri. . = L]
AEYCL] L5 ¢ LM X(0.00..00!
JBLTCHY.. o CCweLNi0.D0.0.D0"
BNV, 40 o SOMPLN(0.06.3.00
CIINVIT. U e JCHPLX(0.00.0.00
98:1 .41 = 9,00
“8:1..) ¢ 3.0¢
BOICIT. U1 » DCMP N(0.D20.0.00)
COICIL. U1 » JCMP N10.00,0.00:
10 Al .Ul » 9.D0
30 ¢ ' . .88
METYEI. I . 100
MITYCIL. 1" o CCHPURU].D6.3.00!
00 .8 , + .,0
13 Btl..) » 3.00
00 20 @ « .8
30 2 5 e (.88
20 Cti.i) » 0.D0
00 28 ! « 1.8
00 2§ 4 e 1.3
Wyt e g.08
28 Qlil.u1 e 0.30
D0 S0 ! o ;.30
20 19, ¢ .8
11] @tl..t = 0.00
20 6 1 e 1.2
00 40 4 » .18
PYILDACL.S) » 0.D0
L] ] F(l.J1 » g.00
DO 4% [ « 1,200
48 wil) o 0.00
00 80 ! « ;.88
S0 Ell) s DCMPLX(0.00.0.00)
0O 88 t » ..100
DO 88 4 « i.100
111 X(1.J) o DCMPLX(0.D0.0.00)

c
Covommacnn ====INITIALIZE INTEQERS- —————
<
IRaMKS » O
IRANKC = 0
c
Comermmane ~=READ [N SYSTEM DATA FROM FILE 0| “RECONS" DATA-~ccmccaaaa.
c
READ(]. 100 INAME

READ(1.1101(CACT.J),Jo1.88),10].88)
READ(],100)INAME
READ(1.110)1C(B(1.4),J91,10).10].58)
READ(1.1001NAME
R!Ab(l-llO)((Gl(l-J).J-l.S).l-l.551
READ(].100)INAME
I!AD(I-llol((C(I.J).Jll.SS)-l-l-l!)
READ(1,100)INAME
l!AD(l'IIO)((F(X.J).J-l-l.)-!-l-lb)
READ(1.100)NAME
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v
'..0
l‘c
I‘
" READ(1,1101((02(1.J) Jul.8).1s1:10)
» READ(1.100 INAME
a READCL. 1001 (CCLMIT. 2], e1.88).101.88)
¢ 100 PORMAT(IN.A4)
i 101 FORMAT(412)
110 RORMAT(4D20.13)
~ 111 FORMAT($ELZ.S)

» < .
N Commmmmemcmcaan DECISION QuE
v’h 4
i CALL PRTCMS(*CLRSCAN * )

* “RITE(6. 801
! A1) SORMATI /&), TNTER ' "0 wR'TE NDAMAGED £ 1ZENSTRUCT.RE.A
. - 8% $vST. MATRICES. .READ "“PECONE™ DJATA al.’
. L8xL “UNDLEG™."UNDASC™.& "CLM". .
‘: . /8%, "ENTER =2" TO AEAD UNDAMAGED EIGENSTRUCTURE AND'

s LEEYE T 3 : WRITE SLOW AT SUBPACE DATA FOR JSE Bv' ./8X.
, . : “ERSPACE™~ (WRITE "ERGPACE™ DATA Al) './8X.
- . ‘ENTER =5 TQ COMPUTE RECONSIGURED GAINS. VTR
. . ‘ (WRITE "FRECON™ DATA al} /8K,

. *ENTER ~6" TO COMPUTE RECOMFIG. EIGENSTRUCTURE ' ./SX.
. . AND TIME RESPONSE (OPTMATD.OPTPLOT) './8X.
. CENTER ~$ TO COMPUTE Q AND WRITE FILE |3 VTS
b . * “PXACT™ DATA. NN
READ(#. (88K
; 189 FORMAT(I])
160 BORMAT(12)
CALL FRTCMS(’'CLRSCAN *)
IP(K.£Q.%5)60T0 272
I®(X.EQ.610070 I11
IP(K.£Q.2)60T0 170
. IP(K.€Q.2)00T0 170
> Com—————=--—-STORE UND CL IN UNITY MATRIX
- DO 168 1 o .88
X DO 168 J o 1.88
. 168 UNITYCL.J) ® CLM(I.J)
CALL EIORR(CLM.3S5.58.1.E.X.100. 6K, [ER)
WRITE(2.110)((X(2. ) Jel . 68). 10! .86)
- WRITE(2.110)(E(1),1al,88) .
K ¢ 00 186 I = 1.8%
o c DO 156 J = 1.58
< c aa s ACL.D)
. C186  ASING(1.J) » SNGL(AA)
c DC i$7 1 = 1.88
c DO 187 J s 1.10
¢ 88 » 8(1.J)
N C187  STING(I.J) » SNGL(BB)
LN c 00 i58 [ s 1.18
- ¢ DO 158 J = 1.5%
" ¢ €C = CiI.J)
. CiS8  C3ING(I.J) s SNGLICC)
) c WRITE(B.113)((ASING(T,J) . Jo1.55),191.88)
c WRITE(B.111)C(BSING(1.J),Ja1,10).101.55)
' c WRITE(B.111)((CSING(L.J),Jnl.56).1u1,18)

) WAITECLLL 1100 CCUNTTYCT S0 Jel, 581, Le1,88)

. ¢ WRITE(11.1100((G1(1.0).Jnl.5).101.58)

. c WRITE(11.110)((G2(1.J).Je1.3).121.10)

. 00T0 9000
. 170 READ(2.116)C(X(I.d),Jul.85). In1.56)

: READ(Z.110)(E(]).191.55)
17(K.£Q.3)G0TO 180
c -
‘0 c DECOUPLE LATERAL DYNAMICS FROM STASS
) c DECOUPLE LAT VECTORS FROM LONG ELEMENTS
A 177 WRITE(6.172)
172 PORMAT(/SX.*. waw ENTER “1* TQ MODIRY DESIRED EIGENSTRUCTURE #wwm’,
" /8K, mann ELSE ENTER "0".nwaw®, ’
")
READ(#, 158 ) IMCD
o
p 186
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CALL PRTCME('CLASCRN °)
1P CImMOD.£Q.0)00TO 180
CALL PRTCHME('CLRICAN ')
DO 170 1 o 1.16
{P(L.LR.4)00T0 170
1F(1.02.%00T0 178
o0T0 178
b4 ] X(1.42) » OCMPLN(0Q.00.0.00)
X(1.83) » DCMPLX(0.D0.0.D0)
N(1.48) « DCAPLX(0.20.0.00)
Xt1.6i'e DCHPLX(0.00.0.00)
e CONT INUE
0 (79 7 e 8.8
T il 38) - CHPLXI0.20.0.30
11,390 o JCMPLN(C.C0.2.00)
A0].68) » JCMPLXI0.20.0.301
A(l.e0) = JCMPLX(0 50.3.00!
X(l.]; = DCMPLX(0.D0.0.00?
X(1.2; =« DCMPLX(0.D0.0.00)
X(].3) » JCMPLAIC.D0.0.00
M({l.4) o DCHMPLX{0.D0.9.00:
< X(.7) = DCWMPLX(0.D0.0.00)
c XiI.9) » DCMPLX{0.D0.0.D0)
c Xil.17) & OCHMPLX(0.D0.0.00)
<
i
[+

aooaoaao0o0oo0on

O oy G

A1 181 e XCMPLA(0.D0.0.20)
Te SONT INVE

CommmmmenmaanJ[SPLAY DESIRED €IGENSTRUCTURE (F FEQUIRED--~=mmmommaneee

-
<

100 aR[TECS. . T1)

71 FORMAT ! /8K, wusn ENTER "1" °0 OISPLAY JESIRED €IGENSTRCTUREewss’,
HE T 1 ‘eenw ENTER “0" OTHERWISE. sese’,/
bR

READ(w, (85 mAITE

CALL PFRTCMS( CLASCARN °)
(P(IWm{TE.20.0:G0T0 J8§
wRITE(6.200)

200 CORMAT(/SX. emaw UNDAMAGED (DESIRED) EIGENSTRUCTURE OF Mg ease’./
v

00 280 [ » 1.85.¢
WRITE(6. 21001 Lol 1o, 1oS . E(L . E(Lo1).EC(I+2).E(13)

210 FORMAT( /2N, ‘EIOENVALUE NO. *,[2.8X.6X, EIGENVALUE NO. ‘. 12.123X.
1'CIGENVALUE NO. . 12.13X. EIGENVALUE NO. *.[2./2X.Z12.5.1X.E12.8.
2 IX.EIT.S,IX.E1Z. 8. OX.E10.8. IN.EL2.5.2X.E12.8.1X.E12.8.7)

211 FORMAT(IX.E12.8.IX. E12.8.2%. €12.5. 1. €12.8.2X, €12.8, 1. E12.8.2X.

. E13.5.1x.E12.5./
WRITEBU6, 220 IMCI LT X(Jelol) XU [oD) X (JslwE)0un] . 88)

220 BORMAT(CX.E12.8. (X . E12.5.2X. E12.5.1X.E10.5.2%,€12.8.iX.EL2.5.2X.
JE1S.S.IX.EL12.9

280  CONTINUE

c

CommweecCOMPUTE XwDEL#X®%=] (UNDAMAGED/DESIRED EIGENSTRUCTURE J-mcnvccaae
[+

258 260 1 o 1,55

DEL(I. 1) » E(I)
DO 260 J » 1.58
260 XS(1.,Jd) » X(1.J)
CALL CMATML(XS.DEL.55.55.55.XD)
CALL LEQTICI(XS.58.85.UNITYC.55.55.0.hAl,IER]
CALL CHATML (XD, UNITYC.%6.85.%5.%XDx)

c

CermconrcrccnaaCOMPYTE SVD OF B AND C (DAMAGED!
d 4

272 DO 2701 = 1.5%

uBTti.1) = 1.D0

DO 270 J e 110
270 88(1.4) = B(1.0)

WRITE(6.271)
271 FORMAT(/SX.'wuww CALLING LSVDF FOR B wman',/)
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b PUPSIY - - e a . ~ H 0y
|
4

L]

1
B!

¥
i
‘ CALL LSVOF(8S.858.99.10.URT.95.85.30.:x8. [ER)
o ITEC6.278)
‘4' 278 FORMAT(/SX. ' sese (SVDF OF "B~ COMPLETE emes’./)
o] CALL RAMKD(BS.UBT.38.55.10.UBGTC.UBITC. BZINV. IRANKE.DO1 )

MRITE(S.276 ) IRANKS

276 PORMAT(SX.  weew RAMKID! » ' .iQ. esen’}

N D0 280 { e 1.8

Q:\ JCT(l.1) @ |.DO

N 20 180 J e 1.38
TT5.1) e Cri.l)

N - -

[N 90 o Y S SV IS § US|

b AT, 81

pe 3} FORMA 8k, seme (A LING VDR 7R 1 seee
SALL LSVDR O T5.86.,0.85.0CT 88, 9. IC A ER
RITE(e. .02
82 FORMAT(/8X. sess _SVDF OF TS TOMPLETE eees
CaLL ®AMKDICS.UCT?.3C. 0.88. XCIT2. JCITC.CTINY. [RaMKC . D1

a UN

:
E
:
X

LLTT R

"

i 283  ROAMAT(SX. esme IaNm (L) o
FIK.€Q.31G0T0 J98
IP(x.€Q.51GOTO0 3i2

BUILD 3i0m LIGENSPACE
' t 19 ISLom » 0
'~ KEAST & 2
00 188 ! s 1.8§
~ ECHECK o OREAL £
ECHECA & DABS(ECHECK!
c FOR SYIMETRIC CASES USE T < 8.3D-0ls> 10 STATES
~SYIMETRIC CaSES-
PON SEOMENT | :(26) USE I < 7.390-0le> 16 STATES
EOR SEGMENT I - 2.86D-91 < I < .$eD-01
BOR SEQMENT S 1 0. ¢ T < $.84D-01
IP(ECHECA . T.8.8D-31)G0T0 284
[P(ECHECA.LT.3.84D=01100T0 294
» c [M(ECHECA. T.7.$9000-01)GCT0 104
W c IB(ECHECA.GT.2.86D-011G0T0 206
- ISLOW » ISLOM « |
Ceeeeane[STATE » VECTOR OF INDICES CORRESPONDING TO $I.0M STATES-——emeaee
» ISTATECISLOM) » |
s ESLOMIISLON) « E(])
ESING(ISLOK) » E(1)
CALL SROQT(E(I1}.1,SR,.0125)
WRITE(6.291)15L0uW, 1. 3R
291 FORMAT(IX. SLOW STATE NO. '.[2.° UND STATE NO. '.i2.° $ & *,E12.8.
1%, 812.8.°J")
0O 288 J s 1.88
NSLOWIJ. ISLOW) & X(J.1)
GoTO 288
286  KFAST o KFAST o |
] C-=====-KSTATE ¢ VECTOR OF INDICES CORESPONDING TO FAST STATES-wweeame-=
[y KSTATE(KFAST) » |
D 285  CONTINUE
IF(X.NE.1)GOTO 287
KX WRITE(8.101)1SLOK
MRITE(S.111)(ESING(1). 1ol ISLOW)
GoTo 9000
287  IROWS = ISLOW
b WRITE(9.,296) [ROWS . KFAST . IRANKE ., [RANKC
.. 28¢  FORMAT(412)
‘ WRITE(Y,110)(E(1).101.58)
WRITECO. 1102C(X{T.d)edul 55).101,88)
' WRITE(9,287)(ISTATE(L), 1al, IROWS)
v WRITE(9, 257 ) (KSTATE(]). el . KFAST) :
287  PORMAT(4012)
WRITE(9.110)(ESLOW(T) . Ia1. IROWS)

.
G0 ua

o«
L4
o Cremcmnea
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B3I N T TN S IR e

L _Jhs SR BRUY RNES - "N T I 100NS ' (e a8
MRITEIS. 18 At 1. el .88 e, 3%

I80n « 9% - (oD

WRITEY. e [ROM

-ivg s 10 P L L I R )
LA SELENNE B I | .« 4
°C 337

o FlNL fT A REI NG I GMET a v

NI . (XY
. 3
-y .
LY
30 . e w ~a
[ I
119 aoma " e N

121 o mate B L T T8 4% § WD
TALL Tmatw gl 90 sy g
x 1.z .
x 8 . L]
e e ® Az * S I GACTNS AR NG W e

? Tglea - o R I |
302 -t e 1. . leEwa
30. FOMMAT Q1 cev. e ga FEEIBACY Jalw N N . LN
1.2 *TOLCA T L s v -

0T e
Commemmmmem oo Y Peal” L e ao Ll
<
3.2 -ITE Il 0 et el 8% (e, ®OW

30*0 002
<

3ia L R4 SIS B AN YR N ST TR

30T0 e020

4

e R€AD ®TI. DA PWOW FIE 07 AMD COMTINUB----oo- Cemmmeeeaeens
<

3 READC" . LiQ (ML DIl L uei. i@ e}, .0"

c

[ FING EIDENS OUCTURES OF RECONF (GURED S5 EMeo-ncooconooe
c

CaL, HAEE T DALC.10..8.98..%..0.772.:0. (€2
CALL vsA W™ (9.772.88. ,0.88.88.,0.8F .88, [ga)
DO 320 1 » ;.88
00 320 4 & ].8%
CLMTIL(I.J) e A1L.J) « BF(I. )
330 ARIBCI.U) e CUMTILC(I..)
CALL EIORR(CLMTIL.SS.88. | ETIL . XTIL.100.WKT. [ER)
CALL SROOT(E™IL.85.€3..01281

[+

Comc—mcacaecacPIND CLM FOR NOMINAL SYSTEMe—ccro. it e L L LD L DL TS
C NOTE: USING CLMTIL FOR AR]S NOMINAL DUE TO STORAGE L[mITS8

c CLMTIL 1S USED FOR mMOCAL FOLLOWING

CALL VMULEF(F.C,10.18.55.1C.18.#TC,10.ER)
CALL VMULFF(B.FTC.95.10.%5.88,10.8%.565,1ER)
DO 322 1 o 1.88
DO 322 J = 1.88

122 CLMTIL(L.u) o ACI.J) o BF(1.J)

<
Cocmcmmmnmac R T FILE 10 RECEIQ DATA
[
i‘l?!(lo:llo)((XT!L(l-J)-J'l-SS)-lllcss)
e e e e e e it S N T PP
N AT AR .':':‘C';':\f;{\':5':\':;':5‘:{:;" RO ORN




el
3a8
MY
[0

180

> .
w e

3 €V 14 e

c
€0l
380

402

408

410

Commm

N ASFe le, 8%

- VE & 378

a8 1 oe (.88
= 2 4 BN U EEE SNS LA N SPR S S I IO TR C IS Y4

100

o .368 . iF L.
& ..y . EI_ .
1€ 1.5V 213070
mITEi4. 361

LRSI SWRNEL BRINL B

162

snawat  SW. TOC .0 - 18°.)
oM INVE
£ WmaAT N G(EI2 S, N

R ICE 8 183
23pmat Sx, eewe ETI DA vens',//%%,' COL 1-®'./}
20 88 1« 1..80.8
wEITE (6.366)(FTILDACI. 1) . FTILDACS I*1).FTILDACY.J*2) . FTIL
P ETILDAIS. 156 ). FTILDACS. [*8) . FTILIACI  1%6),
2 FTILDACI *7 ). FTILDACI. [*B ). Us1.10)
I{.537.216GCT0 01
wRITE(S.IS1)
EoAMAT(/SX.'Z0L 10 -
CONT INUE

i8°.7)

WwRlTE(¢.360)
FCAMAT(/SX. ' snsw ENTER ~1” FOR TIME RESPONSE CALC. waw‘,/SX.
1 ‘wawe ENTER "0" OTHERWISE.
READ(%, 185 ) IRESP
tF(IRESP.EQ.0)GOTO 9000
NAR18(1) = 55
NAF(8(2) » S§
CALL VMUWLFF(B.G2.55.10.3.55.10.8F18.55.[ER}
DO 408 [ » [.5%
DO 40% J » 1.3
BFI18(1.J) = G1{1.J) « BFI8({.J)
NBF18(1) » 55
NBF18(2) #» 8
DO Gl1O I s 1.18
DC 610 J = 1.58
Ccri8(I.J) e« C([.J)
NCF18(1) ¢ 18
NCF18(2) » S5
DO 415 1 # 18

nunn',/)

190

srmma U sees FNTER .7 YT DISPLav AETONY IGURED essn’
aa sese EIZENSTRUCTURE £ SE ENTER TCT. enee’
agaAl v AL T
[ [ 3TD wse
L d T .
gy [ cees AT "l MEL EIGENTTR ZT RE eens’
.
- F T 2Tl 0. LETIL el gTIC 80
- T e € €3 .- 2. 0. SN
- CF s 02 L R [ R e RTI LIl NTILJ (*8 . us ]88
A RN 4
-t "Ff 4 fle
T Ema Sk sees DaMAJET EIGENSTRUCTUAE emee’ ..t
- 4 . 88 o
@B 8 Z.000 . el ic3 . EDAM(.ETamtle] . EDAM(I+),EDAM(]+S)
o8 4 ITh xDAm: ] aCAm. . le0 . xDAMiL. [l . XDAMES, [+8),Je1.58
TN
.............. SiGP Ay F AND FT DA-~e--ea-
R S L
7 auat Sa. seme JAmAGED TEEDBACK 3AIN WATRIX <wme‘.,/6)x,' COL (-9

(J. 051,

DA(J: 13

BUlLD 4F:8.8BF18.CF18.0F 18 FOR RESPONSE CALCULATION AND PLOTTING----
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-y

o &0

T s TN LTS .

h

\ 6l e i“.,. -. « " ORI - ‘ FUEE
NN I A M A R B

X

- -

wle W & & &

DO 41% 4 o 1.3
418 DF19(1.J)  Q.DO

NOF18(1) = 18

NOF18(2) o §

COMPUTE RESPONSE FOR $00 DATA POINTS AND CREATE OPTPLOT DATA FILE

OO0 0nDo0

WRITE(6.500)
$00 FORMAT(//LX. ' COMPUTING TIME AESPONSE' )
C== WRITE OPTPLOT PARAMETERS AND NULL FEEDBACK MATRIX INTQ DATA FILE —
IORDER = S8
NOUM&() 1= [DRDER
NDUMG (2)s8
CALL NULL (DUM& , NDUMS )
IFULL « NDUM& (1)9NDUM4 (2)
c WRITE(G.510) [ORDER,3.501.1.1
[ WRITE(4.515) (DUMA(T).Inl.IFULL)
$10 FORMAT(S1S)
S1S PORMAT(SEL4.7)
Commmmmme INITIALIZE THE STATE AND INPUT VARIABLS
NXX(1)aSS
NXX(2)»}
NU(1)e8
NU(2)m)
CALL NULL (XX NXX)
CALL NULL(U.NY)

(o]

COMPUTE RESPONSE.

WRITE($.521)
s FORMAT(/SX, *wnss ENTER "1~ FOR MODAL SOLLOWING wssw®,/SX.
1 *usun ENTER “0" OTHERWISE. LELLANYS ]
READ(#, 158 )3DAM
CALL FRTCMS('CLASCRN *) .
AMS w1,
NCONT « 1
NST » 2
NSTP s 240
TS & 0128
DO $20 1s0.%00
TIMEsInTS
Cowmmeocoaaacas CHECK CONTROL PARAMETERS AND SET CONTROL INPUT —vccweeao
I® (1.GE.NST.AND.L1.LE.NSTP) THEN
UINCONT ) samP
LS
UCNCONT 1u0.0
END 1F
WRITE(4.830) TIME. (UCJ)odm], S0 (XX(J),Jnl. [ORDER)
Covernitnns s JRESET SCALE FACTORS FOR LTR LRE (R & S A
Civveriernsa . TO RADIANS FOR PROPER CALCULATIONS . ..ovvtnnnrosnnncessncens
00 800 K = 1.10 ‘
I1#(K.LT.3.0R.X.0T.8)GOTO 800
IF(K.EQ.$)G0TO 800
XK IaXX(K)/S . 72960+02
800 CONTINUE
Crmmenae mweae HULTIPLY AFLI8 BY XX(N)
IORDER » 88
CmeomsmmaccccccacuaCHECK IF MODAL FOLLOWING 1S REQD:
IF(IDAM.EQ.0)GOTO 528
IFIXX(8).LT.0.0)G0TO S28
00 $31 m » 1,I0RDER
OUME (M) & 9.D0
DO 538 N s 1.IORDER
$55  DUMA(M) s DUMA(M} o CLMTIL{M.N)WXX{N)
$31  CONTINUE
GOTO 848
528 DO 540 Me].]ORDER

191
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“ DUM& (M190.0
M DO 550 Nel.IORDER
I 880 DUME (M) sDUME (M) + AR 18 (M. NIRXX(N)
ty 540  CONTINUE
0 Crmemeeemmmceeneme MULTIPLY BF18 BY UIN)
8§48 DO $60 Ms1.1ORDER
. DUMS (M}20.0
y DO §70 Ns1,3
]' 870 DUMS (M) sDUME (M) +BE 18 (M. NINU(N)
% S60  CONTINUE
& Cumemcemwaaaas ADD AF18 AX(N) aAND BF18 U(N)
" DO S80 M = 1.IORDER

AX(M)sOUMG (M) +0UMS (M)
Cueeeensn.SCALE XX3.XXG»XX6,XX7.XX8 TO DEGREES FOR PLOTTING PURPOSES....
e c
{® (M.LT.3.0R.M.GT.8} GOTC $80
1P (M.£Q.5) GOTO $80
y 222 XN(M]) = XN(MInS . 7296D+01
W S80 CONTINUE
i $20 CONTINUE
$30 FORMAT(5E16.7)
[
" Comememeccnaar——aaCREATE OPTMATD DATA SILE.
c
¢ CALL WRMATD(AS(S.BFI8,CFI8.0F18. TS, IORDER}
'S WRITE(G,999)
999 FORMAT(//1X.'RESPONSE COMPLETE-GPMATD AND OPTPLOT DATA SILE CREATE
"Q ")
WRITE(6.,1000)
1000 FORMAT(//1X,'TQ PLOT RESPONSE GO TO CONTROLS EXEC. SELECT ORACLS.
- #THEN SELECT OPTPLOT.'.
. 2/1X:'YOU MUST BE AT A 618 TERMINAL')
d 9000 STOP

END

CHANNBNAANURR SRR N AN AR SR RERTRRT RN AR RN ERRURRDA R AR AR R RPN RN IO NG Y
RUBROUTINE CMATML (COMPLEX MATRIX MULTIPLICATION)

COMPUTES: YY s AA » BB
1A » & OF ROKS IN AA
LL = & OF RONS IN 88 AND % OF COLUMNS [N AA
IB = 8 OF COLUMNS IN BB
CHANNRENANSRSNNARINANANNA NN AR AARBAATNEA RN R AR RN R RARATTIRNR AN NN R NN R AR
SUBROUTINE CMATMLAA. BB, 1A.LL, 1B, YY)
IMPLICIT REAL®8(A-H.0-2)
COMPLEX®16 AACS5.55).B8(55.55],vv{58,58)
; INTEGER lA.LL.IB
3 DO 30t = 1.1a
"y D0 20 J s 1.1B
‘0 YY(1,J) » (0.00.0.D0)
W DO 10 INDEX » j.LL
YY(I.d) = YV(1,J) + AACI.INDEX) ¥ BH(INDEX.J)
10 CONTINUE
20  CONTINUE

OO0 0000

", S0 CONTINUE
:- RETURN
d eNp
W CRANNNANANANEASRENERNNRATIRNANANNARAA NN RN AN AN AN RN NN RN RART NN
'3 ¢
Z c SUBROUTINE RANKD: COMPUTES REQUIRED BLOCK STRUCTURES OF SVD
¢ OF “BS™ FOR USE IN EIGENSTRUCTURE ANALYSIS
h ¢ CDR V.F. GAVITO
'y ¢ JUNE 1986
3 c NOTEs RZINVC IS NOT BEING COMPUTED #9!
E c
clllll'llllll..lllllIIIIlllIIIIII.Iﬂ..ill.lllllI.IIII'.'IIIIII‘IIIIIIIII
": SUBROUTINE RANKD(BS.UT.S.N.M.UOTC, U1TC.RZINVC, IRANK.BG1 )

IMPLICIT REALS(A-H.0-2)
REAL*® BS(55.58),S(58),SM(58,55).R2(55,55) .RZ2INV(SS.55),
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)

1 U8S,55),UT(58,.55),VT(55.55),S1(35),MK(50),SMI(55,55).MAREA(200)
2.901(55.55).B31(58.55)
COMPLEXN 16 RZINVC(55.55),U0TC(S5.88),U1TC(5S5.58)
INTEGER N.M., IRANK
IRANK » M
00 1 1 » 1.88
D01 J e 1.8
801(1.4) = 0.DO
R2(1.4) = 0.00
RZINV(L.J) = 0.D0
yoTC(I,J) « (0.00.6.00)
ulTc(t.J) = (0.00.0.00)
RZINVC(1.J4) = (0.00.0.00)
Wi, = 0.00
SM(1.4) + 0.00
SMI(1.,J) = 0.00
t vT(l.J) = 0.00
D021 = 1.80

wK(1) » 0.00
PO St sl
1R(S(1).GT7.0.00)GOTO 3
IRANK = 1=}
GOTO &

3 CONTINUE

4 00 30 { # 1N

00 30 J = 1.N
30 utl.Jg) = UT(J. 1)

DO G0 L = 1.N

D0 40 J = [, IRANK
40 UGTC(J, [} = DCMPLX(U(L.J),0.D0)

DO S0 I = 1.N

DO S0 J = IRANK ¢ 1.N
50 ULTC(J=IRANK, 1) = DCMPLX(U(I.J).0.D0)

[~ DO 60 I = 1M

DO 60 I » 1.IRANK

00 60 J = 1M
(1 VT(L.J) = 83(J,1)

00 70 1 a 1.IRANK
70 SM(L.1) = (1)

CALL VMULFE(SM, VT, IRANK.M.M.55,55,.82.55. [ER)
C$33333333$333$3533SISNOTE: RIINV IS NOT COMPUTEDS33333538538333833888338S
[

c CALL LGINF(RZ.10,IRANK,M.TOL.RZINV.10.8I.WK, [ER)
[
C88333835353355858535333335353333333335333335338353353333853535383833333533

DO 3001 I = [.IRANK
3001 SMICI1.I3 = 1.D0/SM(I.1}

CALL VMULFE(BS.SMI .M. IRANK, IRANK.55,55.RZINV.55. [ER)

0O 83 1 & I.M

DO 80 J s 1,IRANK
o0 R2INVE(I.J) = DCMPLX(RZINVII.J).0.00)

CALL VMULEE(BS,SMI.M, IRANK, IRANK,.55,58,85M,58. [ER)

CALL VMULFF(BSM,UT.M, IRANK.N,56.55,8G1.58,IER)

RETURN

END

CHRRNRNNNRARSNNNNTNRRNN SUBROUTINE WRMATD 94509000 050 51090 5096 00 000 06 096 5600 3000 90 009090 90 0 00

2]

WRMATD WRITES THE *AF18‘, "BFIS', °‘CF18'. AND ‘DFIS°
MATRICIES TO THE OPMATD DATA FILE. EXTRA NULL MATRICIES ARE ALSO
CREATED AND STORED TO CONFORM TO THE OPMATD DATA FILE STRUCTURE.
THESES MATRICIES ARE THE °‘GAMD'., °'FD', °'FK', °QD‘, 'RD', ‘'V1',
'va'. AND °'SD°.

DOoo

OO0 00

0,00 59,90 909000 9006 0000 0600 9400 0,00 0 00 10000 0 0000500 0000 00 909000000000 4000 00 0000 08 90 90 9 900 000,00 000 300 00000 0 000 000 0000 90 00 00 00 0 00
SUBROUTINE WRMATD(AD.B8D.HD.GD,DELT. IORDER)
IMPLICIT REAL®G(A-H.0-2)

(2]

P18 SYSTEM MATRICIES
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(1]

Commmeneeeeae CREATE NULL MATRICIES TO BE STORED ON OPMATD —weecccecane

Cevecncenesecas WRITE MATRICIES TO OPMATD DATA FILE-mwvecscccccaccevae

DIMENSION AD($5.55),80(55.3).HD(16.55).0D(14.3)

EXTRA MATRICIES REQUIRED [N OPMATD DATA FILE

DIMENSION PD(55.3).FK(85.16).QD(14.16).RD(3.3),v2(14,14).8D(55,.164)

DIMENSION NFD(2) NFK(2),NQD(23.NRD(2).NV2(2).NSO(2)
INTEGER IORDER

NFD(1)sS
NED(Z ) e JORDER
NFK(1)s [ORDER
NEK(2) 14
NQD(1)m1¢
NQD(2)s16
NRD(1)s8
NRD(2)aS
NV2(1)els
NV2(2)el4
NSO(1)=IORDER
NSD(21=16

CALL NULL(FD.NFD)
CALL NULL (K. NFK)
CALL NWLL(QD.NQD)
CALL NULL(RD:NRD)
CALL NWLL(V2.,NV2)
CALL NULL(SD.NSD)

I1s0

IANS o |

100PTD = |

WRITE(3.150) 1.1ANS,1D0PTD

WREITE(S.120) !ORDER.S.16.0.]1.DELT
WRITE(S.131)

WRITECS.130) ((AD(I.J).Jel.[ORDER).[#1.10RDER)
WRITE(S.182)

WRITE(3.180) ((BOUI.J)dul.S).101.10RDER?
WRITE(S,183)

WRITE(S.130) ((HD(L.J).Jul.IORDER).[el.14)
WRITE(S.138)

WRITECI,180) ((FOCL.J).Jol . [ORDER] [2].8)
WRITE(S.136)

WRITE(Z.130) ((FK(I.J),Jel.16).191.0RDER)
WRITE(3.187)

MRITE(3.130) ((BO(L.J).Jal.8) 1ul.14])
WRITE(S.138)

WRITE(3.130) ({QD(I.J).Jel.14) (sl 14)
RITE(S.139)

WRITE(S.130) ((RDC(L.J)oJel.5).101.8)
WRITE(3.141)

WRITE(S,130) ((V2(1.J}.Jel.14).1s1.164)
WRITE(S.162)

WRITE(S,130) ((SD(1.J).Je],8).1u1.l0RDER)

e
130
131
152

136
158
136
137
158
139
140
141
142

PORMAT(515.8X.F10.8)
FORMAT(4D20.13)
PORMAT(1X.2MADD
PORMAT(1X.2HBD)
FORMAT (1X,2HHD)
FORMAT(1X.&4HGBAMD)
FORMAT(1X,2HFD)
PORMAT (1X.2MFK}
FORMAT (1X.2HGD)
PORMAT(1X.2HQD)
FORMAT (1X.ZHRD
PORMAT(1X.2HV1)
FORMAT (1X¢2SHV2)
FORMAT(1X.2HSD)
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180  PORMAT(IL.SX:I1.3X.11)
RETURN
o0

SUBROUTINE SROOT: CONVERTS J-PLANE ROOTS TO
S=PLANE ROOTS

COR V.#. GAVITO JULY 1986

OoO000000

CIllIllllllllllIIllIll'lIIIIIIl.IllIlll..Illllhllllllll'l.lIIIIIIIIIIIII
SUBROUTINE SROOT(Z.N.3.T)
IMPLICIT REALY8(A=N.0~T)
COMPLEX®16 Z(85),3(58)
INTEGER N
00 106 [ » |,N
RS = DIMAG(Z(I))
RC s DREAL(Z(I))
B » (DATAN2(RS.RC)I/T
R2 = CDABS(2(I))
A s =DLOG(R2)/T
S(I) » DCMPLX(~A.B)

10 CONT INUE
RETURN
END
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' APPENDIX E
.
g ERSPACE
.':.
N
5
". c..- - wAEUNERAN wauna MRERARSANANANRNASAERRERRERENN -
3 4 ERSPACE: TESTS [P DESIRED/UNDAMAGED SLOW RIGHT EIGENVECTCORS
i c ARE MEMBERS OF THE DAMAGED RIGHT HAND NULL SPACES.
' ¢ AND WRITES DATA FILE POR USE BY ELSPACE
" ¢
‘l c COR V.®. GAVITO
; ¢ JUY 1986
X} c
c PILE 01 s ERSPACE DATA
. ¢ (READ)
* 1% ¢ FILE 08 = ELSPACE DATA (LEFT EIGENSPACE DATA)
48] ¢ (WRITE)
] c."..-.....l.'."..'....l...-..-.".'.II.Il.‘.-.-..'.....l...l-..'...-.
X IMPLICIT REAL*8(A-H,0-2)
) DIMENSION A(SS.55).RESR(24).CT(SS5.58),WA(SS ), UNITY(SS.55)
COMPLEX®16 X(S5,55).ECSS).XS{S5.55).T(S5.55). TSLON(SS.26)
COMPLEX®16 ULTC(SS5.55).AML(SS.55).EIGD(Z4) . VD(S8.26),21.V(55,24)
COMPLEX® 16 UNITYC(SS.58).ANULLC(SS.S5 ), WV {SS) . Wy1C(SS).
. 1 RES(48.26) ESLOW(26) . XSLOW(SS .26 ), 22
, REAL#6 SNV(110).VLB(110).VUB(110).G(1).RACI11.111),
1% 1 WK3(9000),ASING(SS.55),CTSING(55, 18 .ERS ,ECS . KRS . NCS
. 2 TRS.TC3.URS.UCS
-‘; COMPLEX*8 ESING(263.TSLING(S8,24).XSLING(S5.24 1. XSING(SS .58 )
- COMPLEX*S EING(SS).UIBT(55.55)
o INTEGER NI .M1.IELE, IWK(1000).ICC1I18),IDG()) IV, IRANK, IROM(5S.24)
INTEGER OF(111), i3TATE(SS) . KSTATE(SS ). [RONS . KFAST . [ARB(SS), 1UCT]
> c .
j’-. ¢ READ FILE 01 (ERSPACE DATA)
> ¢
~ READ(1,2) JRONS .KFAST , JRANKB . IRANXC

READCL, 3)(ECL), [s1.58)
V! READ(1,3)C(X(I,J).Je1.553,021,8%)
READ(1.4)(ISTATE(I) 121, IRONS)

) READ(1.4)(KSTATE(L), tnl.KFAST)
*S READ{1,3)(ESLOW(I).1a1, [RONS)
."4 READ(1,3)((X3LOW(I.J) . Jul.IROWS ), [»i.58)
. READC1+3)((ACL,3,J*1,55),21%1.55)
o' READ(1.2)IUB}
3-.' READCI,3)((VITCC(I,J).J21,85),121,2UBL)
= READ(L.31((CT(I,J).Jx1,18) 121,58}
2 FORMAT(6412)
A 3 FORMAT (4020.13)
>, ‘ PORMAT (4012)
] s FORMAT (6E12.5)
A, ; c
4 ¢ mmmmmmemmeae INITIALIZE CONSTANTS
J‘l‘ [+
CALL FRTCMS('CLRSCRN ')
- Nl = S8
TSTEP = |.250-02 .
DO 61 s I.N1
: DO 6 J = 1.NI
N ASING(I.J) = SNGL(ACI,J))
M UNITY(1.,J) = 0.00
" ¢ UNITYC(I,J) » DCMPLX(0.00.0.00)

DO 10 I » ).N)
UNITY(1.1) = 1.DO
:j UNITYC(I.1) = DCMPLX(1.00.0.D0)
DO 10 J = |.IROWS
10 V(I.J) o XSLOW(I,J)

-
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T T B S et S e et W XY o e ¥ % e = oy Sy empor
» 1coMG = 0
N 1 c
= Crecom===DISPLAY SLOW EIGENVALUE INDICES FOR ARBITRARY ELEMENT<—emmeoeee
4 c SELECT! -
N: c
9 WRITECE.11)
. 11 FORMAT(/SX,‘wnss [NDICES OF SLOW EIGENVALUES swwn’,/)
"‘ . WRITE(6.12)(ISTATE(I), 1o, IROMS)
,‘ 12 PORMAT(S(2X,12.2X)./)
5 c WRITE(6,14)
i €6 FORMAT(/SX,'wsuw ENTER NO. OF ARBITRARY EIGENVECTOR wans® ., X,
. ¥- 1 c 1 ‘ennn FOR ADS. nnuwt, /)
. c READ(%.211ELE
z ARITE(6, 13)IELE
. C3  FORMAT(/8X, wews ENTER ROM NOS. OF THE °.12.° ARBITRARY  swwe:,
Xy c s, ‘wsun ELEMENTS IN {2 FORMAT. LLITIIPR!
A c READ( . & }(IARB(I). I=1, [ELE)
:‘, Cormeevonnoe=FOR RECRIS THERE ARE 27 ARB ELEMENTS NOT INCLUD STABSo~-eee
M ¢ 1ELE = 36
K IELE » 27
-y c DO 1S M s 1.8
€S IARB(M) e M o 8
- £ [ 00 14 M = 29,36
"y C&  TARB(M) s M o §
n c IARB(3S) = 5
% ¢ 1ARB(36) o 47
By 00 13 M » 1,27
. 13 1ARB(M) = Mels
170 DO 55 I = 1,ROMWS
21 = ESLOMI)
' D3 $6 J = 1,NL
b, 0O %6 K = 1.N1
¥ 56 AML(J.K) = DCMPLX(ACJS,.K).0.00) ~ Z1»UNITYC(J.K)
DN v « tus1
R . 44 CALL CHATMLIULTC.AML.IV.N1,N1.RNULLE)
' DO S7 J s L.N1
- 87 WviJyr = v(J. 1Y
59 CALL CRATMU(RNULLC WY . 1Y 11 .WvICH
00 S8 J = i.1v
.- S8 RES(J.I3 = WyICLS)
"e, c FIND 3-NORM OF THE RESIDUAL
o ¥ e 0.00
n, DO 76 J = 1.1V
| 76 Y & ¥+ DREAL(RES(J.1))an2e DIMAGCRES(J.1))nn2
ROBJ = DSGRT(Y)
RESR(I) = ROBY
B c IF 2-NORM OF RESIDUAL IS OK == JUMP OUT
O 1F(R0BJ.LE.1.0001G0TO s
N c Goto 5
'. - cl'.II.I.II--.'II'II'..I'..'.II.II.'II..'..ll.ll...llll.ﬂ'lIII.I..II'III
I'd c
ot N c IF EIGENVALUE 1S COMPLEX. TMEN PERFORM THE OPTIMIZATION
¥ ¢ ONE TIME FOR BOTH THE EIGENVALUE AND [TS CONJUGATE. i
¢
':‘ clllllllllIII.IllllIlI-lllI.III'IIlll...lllllllllllll'lll'.'l.ll.lllll.l f
Y 961 1F(DIMAG(Z1).€Q.9.00)G0TQ 960
w 1P CICONJG.€G. 1)00T0 97
¢ ICONJO = |
,.: Cromwe=e=cINITIALIZE ARBITRARY ELEMENTS (FAST ELEMENTS )ee=—mmmeecomecamn
K) %60 DO 100 1T « .(ELE
100 IROW(IL.1) « [ARB(II)
cll.-ll....‘l'IIIIII"I.llll'l'l'lllll!'lIIIIIIIIIIIIIIII'I'II...DI.-HII
! ¢
] ¢ SET UP FOR ADS OPTIMIZER CALL IN SINGLE PRECISION FOR RESIDUAL
. c
. i cl""ll..ll-..-‘........-l'llIIIIII.I....III.II'IDIll'l'l"l..l.l'l.'l'
962 SROBJ « SNOL(ROBY)
’ INFO ¢ 0
ISTRAT » 0
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10PT = 3
1ONED o |
NDV = 2aNi
NCON = 0
1GRAD = 0
IPRINT » 1000
NGT = O
NRA s 53
NCOLA = 110
CALL SROOT(21.,22.TSTEP)
WRITE(6,96311.21.32. ISTATE(D)
963 FORMAT(/SX,'wwss ENTERING ADS SOR ISLOWC('.12.°Y 2 o '.E12.5.1X. -
UEI2.5.cd  wwmme /6K, wamet  2BXK. 'S 3 0 .E12.5.iX.E12.5.°2°. /6K,
2 ‘vews UNDAMAGED EI1GENVECTOR NO. ' .il2./)
c SET 8 UNOS
A3K ALLOWED TOLERANCE ON DESIGN EIGENVECTORS
IF(1ELE.£Q.01GOTO 1007
1008 WRITE(6,1003)
1005  FORMAT(/SX,'wwum ENTER REAL UPPER BOUND OF ARBITRARY ELEMENTS wums
b 1'e/8%, ‘usne IN “Fl2.5" FORMAT. ENTER "1™ FOR NO BOUND. LLLLED]
READ(%,1020)UR
1R (DIMAG(Z1).NE.0.D0)GOTO 1015
uc = 0.
GOTO 1016
1018 WRITE(6.1006)
1006 FORMAT(/8X.'wwwn ENTER IMAG UPPER BOUND OF ARBITRARY SLEMENTS wews
» 1°0/8X,  ‘'mesw IN "F12.8" FORMAT. ENTER "1" FOR NO BOUND. wwan‘)
) READ({®.1020)UC
1016 IM(UR.NE.1.£¢06)GOTO 1006
UR e 0.1E¢21
Y 1006 IM(UC.NE.1.E+06)GOTO 1008
A UC s 0.1E-21
3 1008 IP(IELE.EQ.N1)GOTO 1015
, 1007 WRITE($.1010)
] 1010 FORMAT(/SX, nwsw ENTER ALLOWED EIGENVECTOR TOLERANCE IN "®12.5" =g
. IAMAT wamn‘,/8X, ' nwsw FOR THOSE E[GENVECTOR ELEMENTS enwn’, /8K,
2 ‘wsns WHICH ARE NOT ARB[TRARY. "enn’,/)
WRITE(6.1011)
1011 MORMAT(SX. ' wnuw ENTER TOLERANCE ON REAL PART muss',/} -
READ(®,1020 1EPSR
b 1020 FORMAT(F12.8)
1F(DIMAG(21).NE.0.DO)GATO 1017
EPSC = 0.
60TO 1013
16017 WRITECE.1012)
1012 FORMAT(S5X, ‘wemn ENTER TOLERANCE ON IMAG PART wwuws',/)
READ(#.10201€PSC
1013 CALL FRTCMS(°CLRSCRN ')
JJ e 0
DO 77 J « 1.NDV-1.2
Jd s ud el
4 KEIND = O
IR (1ELE.£Q.0)GOTO 1026
1016 0O 1028 X = 1,IELE
IR (JJ.NE. IROWIK. 1))00TO 1028
KFIND ®
VUB(J) ¢ UR
i VUB(Js1) = UC
VLB(JS) = -UR
VLB(J*1) & ~uC
1028  CONTINUE
[ ~==NOTE: PRESENTLY THE ENTIRE VECTOR IS ALLOWED TO VARY BY AN~--=
¢ AMOUNT EQUAL TO EPSR.EPSC. INPUT EPSR=EPSCs0.DOCURRENTLY
c 1#(XFIND.EQ.1)GOTO 1027
1026 XX » DREAL (XSLOMW(JJ.L))
) YY 5 DIMAGIXSLOW(JJ.1))
Ll VUB(J) & SNGLIXX) ¢ EPSR
VUB(Jel) » SNGL(YY) ¢+ EPSC
VLB(J) = SNGLIXX) - EPSR

A
.
A
»

w B e " 0" a
(2]
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':\ft~ u\ ‘\ N

iy 0 RO N .‘- '\ \.\_\ \

VLBLJ+1) » SNOL(YY) ~ EPSC
1027 X1 o DREAL(WV(JJ))
Y1 & DIMAGIWV(JJ))
SWV(J) = SNOL(X1)
SHV(Jel) o SNGL(V])
1ICtdy s 0
1C(del) = @
DE(J) s 0
DE(Jel) =
1 CONTINUE
[ 1 caLL ADS{INFO-XSTRAT-IUPT-IONED-X’R!NT.:GﬂAD-NDV.NCUN.SHV'VL!-
1 VUU-SROBJ-G.IDG.NGT.IC.DF.RA-NRA-NCDLA.HKS.9000-IHK-XDOQ)
Jd s 9
30 '8 U s L.NDV-1.2
FRRE IV U
AVIJJ) & CMPLXISKHVIJ) . SWVIJsL])
18 VI T2 & wvidy)
. [F(INFOQ.£Q.0)G0TD 54
c REEVALUATE OBUECTIVE FUNCTION
CALL CMATML (RNULLS V. IV N1, 1, WVIC)
DO 82 J s 1,1V
82 RES(J.1) » wviC(J)
Y = 0.00
DO 8% 4 s 1.1V
24 Y o ¥ * DREAL(RES(,,!))nw2 « OIMAGIRES(J. ) )wnp
ROB. & DSQRT(Y)
RESR(1) = ROBY
SROBJ = 3INGL(ROBY)
4 CONTINUE WITH AJS OPTIMIZATION (MINIMIZING ROBJ)
GOTO 84
%4 WRITE(6.95)R0BY. ]
” FORMAT(/1X, ' uwnw OBJECTIVE FUNCTION VALUE = ".£10.5.' ennw’,/1X,

[}

1 ‘ewns BOR EIGENVECTOR NQ. *.[2.° weRm’, /)

IF(DIMAG(Z1).£0.0.008)60TO 55§
IF(ICONJG.€Q, 1 )6GOTO 85
*? DG 8 K s 1.N1
ICONJG s 3
” ASLOWIK: 11 = OCONJGIVIK.{=1))
E1] CONTINUE
cl.lll'll"lll'.'l!.."llII'.'I.lll...l.'l.'.ll'.ll..l.ll..III-II.-.I.'I
Ce=——==DISPLAY RESULTS OF CULTW<A=-LAMDHAR [>>4DESIRED BASE EIGENVECTORS~~
cll.lllll.ﬂlll.lllﬁl'll" ll"ﬂ'...'ll-lﬂ-l..ﬂ..l!ll..'l.l"'ﬂ-"'ll'ﬁl.ll
CALL FRTCMS('CLASCRN ‘)
WRITE(6.45)
(1] FORMAT(//8X, ‘uuns THE FOLLOWING VECTOR DISPLAYS THE NEARNESS OF
leww' . /8X, ‘mwan EACH SLOW EIGENVECTOR TO THE ALLOWABLE RIGHT

Twms’./8K,  wwan NAND SLOW EIGENSPACE FOR THE DAMAGED Flg MODEL .

HLLIVS!
HRITE(6-60)(RE$ﬂ(Il-I-l.XﬂQ“S)
(14 FORMAT(2X.020.13)
WRITE(6.150)
180 FORMAT(/8X, ' wann ENTER 1% IF RESIDUAL IS UNSAT TQ RENTER ADS wnww
1 *./8X, "weww ELSE ENTER "Q“.
ARY S
READ(%,158)110PT
188 FORMAT (1)
CALL FRTCMS('CLRSCAN *)
IF(IOPT.€Q.0)00TO 160
DO 165 J = 1, IRCWS
0O 168 1 » 1,88
168 XSLOW(L.J) & V(I.J)
GOTO 170
160 DO 93 K » 1.IROWS
00 93 J = .88
KK s [STATE(K)
9 X(J.KK) o V(J.K)

¢
Gue=cosmoonneeBIND LEFT HAND EIGENVECTORS-
¢
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A XA

DO 178 I » 1,58
D0 178 J « 3.88
178 XS(1.J) & X(1.J)
CALL LEQTIC(XS,55.55.UNITYC,58,85.0.MA, IER)
DO 180 [ s 1.58
DO 180 J » .58
180  T(J4.1) 2 UNITYCIL.J)
c REINIT UNITYC
D0 181 I = 1.NL
00 181 J s 1.NL
181 UNITYC(1.J) » DCMPLX(UNLTY(1.J).0.00)

Commammacconnns SUILD SLOW LEFT ~aND E£IGENVECTORS.

00 185 J a |.[RCHWS
DO 188 I = 1.58
KK o ISTATE(J)

188 TSLOMW(L.J) = T(L.KK)

c

ComemmoccaaaeWRITE FILE 08 FOR USE BY ZLSPACE [N SINGLE PRECISION-—==—

c
WRITE(6.198)

198 FORMAT(/5X.‘wnuw WRITING ELSPACE DATA FILE 08 wewn',/)
0O 190 f = 1.58%

ER s DREAL(E(I})

EC = JIMAG(E(I)}

ERS = SNGL(ER)

ECS s SNGL(EC!

EING(1) s CMPLX(ERS.ECS)

20 190 4 = 1,58

XR = DREAL(X(I.J))

XC s DIMAG(X(1.J))

XRS = SNGL (XR)

XCS » SNGL(XC)

XSING(I.J) » CMPLX(XRS.XCS)
190 ASING(J.K] » SNGL(ACY,K))

B0 198 J = 1,58

D0 {95 K s L..8

195 CTSING(J.K) & SNGLICT(J.K))
DO 196 1 » 1,IROWS
ER = DREAL(ESLOW(I))
£C = DIMAG(ESLOW(I))
ERS = 3NGL(ER)

ECS = SNGL(EC)

ESING(!) e CMPLX(ERS.ECS)

D0 196 J = .58

TR s DREAL(TSLOW(J. 1))

TC = DIMAG(TSLOMW(J.1))

TRS s SNGL(TR)

TCS = SNGL(TC)

XR s DREAL(XSLOW(J. 1))

XC » DIMAGIXSLOW(J.1))

XRS s SNGL{XR)

XCS = SNGL(XC)

XSLING(J.1) = CMPLX(XRS.XCS)
19¢ TSLING(J.1) & CMPLX(TRS,TCS)

DO 197 1 = 1.1uUB1

00 197 J = 1.8%

UR = DREAL(ULITC(I.J))

UC » DIMAGIULITC(L,J))

URS e SNGL(UR)

UCS e« SNGLIUC)

197 UIBT(1.J) & CMPLX(URS,UCS)
WRITE(S.2)IROWS. 1UBL
WRITE(S,4)(ISTATE(]), lal, IROWS)
WRITE(B.S)(ESING(1). 2], IROWS)
WRITE(8.8)((ASING([,J),Jn]1,55),1n1.85)
WRITE(S.8)((TSLING(L.J).Jsl,IRONS),[0].88)
WRITE(B,S3((XSLING(L.J),Jol, IROMS) . I2],.85)

200




WREITE(S.8)((CTSING(1,J)¢Je) 18) ] u]).58)

WRITE(S.8)(EING(T),[n1.55)

WRITE(S.8)((XSING(1,J),uel.85),.151,55)

WRITE(S.S)((VIBT(I.J).Je1,88) . 1al,1yBL)
¢ STOP

END

CHENNANNEANN AN NN NRN U AR RN RN NN R AT NN NN AR NG ARG S BN RR AN NN AN ER

SUBROUTINE CMATML (COMPLEX MATRIX MULTIPLICATION)

COMPUTES: YV » AA » BB
IA a3 OF ROWS [N AA
tL = 8 OF R0WS [N BB AND ® OF COLUMNS IN aA
(B = ® CF COLUMNS N SB
CIll'lIllhl'-"Illlu'lnnnl-lﬂﬂllllllll'ﬁll'iil'llIlllllll'lﬂ."lll'-lhll
SUBROUTINE CMATMUL(AA.38.1A.LL.[8.YY)
COMPLEX®148 AA(55.55).BB(55.55).vY(55,55]}
INTEGER [a.il(IB
DO 30 { = 1.1A
DO 20 4 » 1,18
YY(l.J) » (0.00.0.00)
DO 10 INDEX = 1.LL
YY(I.d) » YY(S.J) * AA(I.INDEX) s BB(INDEX.J)
10 CONTINL
b} CONTINUE
30 CONT INUE
RETURN
END

CRABNNNNSRANRNARUARRER AN NGRS AN AN AR BRI IR A RNRR AR ARBUAANN RO AN N AR RO

OD0DoO0Oo00O0

SUBROUTINE SROOT: CONVERTS Z-PLANE RQOTS 70
S$-PLANE RCOTS

CDOR V.F. GAVITO JWY 198¢

OoO0o000O0

clll-llllﬂ'lIlIl.lllllu-'l!II.Illl'.ﬁlllll!lllllllllIllIlll.ll!.'lllllll
SUBROUTINE SROOT(Z.S.T)
IMPLICLIT REALSBIA-NP=7)
COMPLEX®16 .3
RS = DIMAG(2}
RC s DREAL(Z)
8 » (DATANIZ(RS.RC) /T
RY = CDABS(2)
A = -DLOG(R2)/T
S o DCMPLX(-4A.8)
RETURN
END

- .-"
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CHANNER AN RR R RN
ILSPACE: TES

RE3U

NOTE: COMPUTA

FILE

FILE

PILE

FILE

FILE

FILE
FILE
FILE

RESRS
RESR2
AESR!
RE [NF|
INFNR
ELUND
DTNOR

0000000006000 0000a0O0O00000000000O0O0O0 0w

cl..l.llll.llllllllll
IMPLICIT
REAL®G LT
DIMENSION
DIMENIION
DIMENSION
DIMENSION
COMPLEX =S
COMPLEX*8
COMPLEX*8
COMPLEX"S
COMPLEX"8
COMPLEX»0
COMPLEX®8
COMPLEX "8
COMPLEX»8
COMPLEX S
COMPLEX®]
REAL»8 DR

INTEGER [ROW3.IRANCT.IUBI.IDG(1),IC(1). IWK(1200).10(B).ISTATE(SS)

APPENDIX F
ELSPACE

S (F RT/LT LCW LEFT ZIGENVECTORS
LTING FROM ERSPACE JPTIMIZATICN <RE MEMBERS OF THE

DAMAGED NULL 3IPACES.

TIONS ARE IN SINGLE PRECISION

COR V.F. GAVITO
NOVEMBER 1986

01 = ELSPACE DATA

(READ)
IPASS s ADSDAT DATA OR XSLOW DATA

(WRITE QR READ)(WRITE)

046 = LRES DATA

(WRITE UNDAMAGED) (REAL DJAMAGED)
07 = NULL DATA

(READ)
09 = OPTEIG DATA

(WRITE)
09 = SEGEIGl DATA (SEGMENT | DESIGN DATA}
10 = SEGEIGZ DATA (SEGMENT 2 DESIGN DATA)
11 = SEGEIGS DATA (SEGMENT 3 JESIGN DATA)

(WRITE)

NORMS

(}/RESLS() = SUM OF JECTOR CCHPONENTS (COMPLEX)
()/RESLI() = 2-NORMS (REAL)
CI/RESLI() = [-NORMS (REAL)
ROI/REINFL() = INFINITY NORM (REAL)
R{)/INFNRL() = ROW NUMBER OF INFINITY NORM
(}/ELDAM(]} = LEFT NULL RESIDUAL VECTORS
M(} » 2-NORM OF DIFFERENCE BETWEEN LEFT EVECTORS

HABANAARDARNRANNOANONARTERANNNARANARE N ARRND N ANENEN

REAL#4 (A-H.0-2)

EST
A(8S5.55).CT(55.55),WA(S5 ). UNITY(55.55).DTNORM(24)
SCT(SS) .MKCT(110).UCTT(55.55) .RESR2(26¢) . RESLI(Z4)
G(1).DFC111).RACLIL.O22).WK(10000) . XX(111).VUB(1IL1)
VLB(111).RESR1(Z4),RESLI(J4).REINFR(2G).REINFL(26)

SLOW(SS.24),AML(55.85) . UNITYC(55.55).UCTITC(55.55)
NSLOW(S55.26). UBLITC(55.55) . RESR(24).RESL(24)
UCA(S5.55),LNULL(24.57.55).L0BJ(5S), ESLOW(24)
UBA(S5.5%) . ANULL(26,45,553,ROBJ(S5S).E(55).X(58,5%)
ATML(SS .55 ) . WVL(55) ., NM_(55,55).T(55,%5).X5(55.5%)
WVR(55) . NMR(55.,55).RR.RL.21.22.23.34,25.ROT,.SCHG

RUNULL(].65.55).LUNLULL(L,37.5%).XT(55,55),XSAVE(55.5%)

RESRR{26)RESLL(24).0BJC.JSA . RESRS(J4),RESLS(24)
ELUND(37.264),.ELDAM(27 .24} .DIFF(24)
TDE3(S$5,24).DT(55)
¢ ED(55).XD(55,55).EDR(55).XDR(55.5%)

-

INTEGER [NULL.1ARB(S5).ICHG. [NP.1ADS . ISEG. IEEN. ] IMAG, IRECHK
INTEGER INFNRR(Z4).IFFNRL(24).IUND

Commmmmm e e INIT COMPLEX MATRICES

DO ¢00 1
DO 600 J
ucTITC(T .
uBlITC(L.J

= 1.5%

= 1,58

J) = CMPLX(0..0.)
) e CPLXI(D0..0.)

202
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UBA(1.J) = CMPLX(G..0.)
UCAL1.J) = CMPLX(0..0,)

600 CONTINUE

c

CovommoncaceeeaREAD PFILE 01 (ELSPACE DATA)

c

0O » wn

Commommaemcaaas INIT CONSTANTS

c

READ(1.2)IRONS. IUBL
READ(1.4)(ISTATE(1]. In1, IROWS)
READC1.3)(ESLOWIT ). o1, IROWS)
READ(1.3)((ACL,J3.J01.58),0a],88)
READ(1.3Y((TSLOW(I.J)eJel, IROWS ). In1.58)
READ(1+3)((XSLOW(L+J)ednlsIROWS. In].55)
READCI.3)C(CT(I JIodnl 18),121,58)
PEADIL, 3I(ELT), 121,55)
READ(1,33((X(L,y)sJa1,85).1n].55)
READ(1,3)((UBITC(T ulsJsl.55),1a1.{UBL)

FORMAT(412)

FORMAT(6E12.8)

FORMAT(4012)

FORMAT(11)

Nl = 88

TSTEP » @,0125%

INFQ = 0

ITER = 0

IADS s 0

IDG(1) = ¢

G(1) = Q.

IC(1) =« a

INVLL s 0

ICHG = 0

IIMaG = 0

INULLC = 0

INP « 0

IRECHK « 0

JUNG = g

WEIGBHT = 0.01

ALY = 0.

RLD « 0.

RLREAL s 0,

IRANCT s 18

00O St e 1,88

[ARB(1) = 9

ROBJ(1) = CMPLX(0..0.)

LOBJII) s CMPLX(O,.0.)

008 4 » 1,88

ASAVE{(1.0) = Xt1.J)

XS(1.4) = xX(1,03

UNITY(L.J) » Q.

UCTT(ZI.4) = 0.

UNITYC(1.J) s CMPLX(0.0.0.0)
CONTINVE

B0 61 = 1,85

EDCI) = E(1)

UNITY(I.1) » 1.0

UNITVC(L.1) & CMPLX(1.0.0.0)
CONTINUE

D07 1 » 1,26

RESRS(1) a CMPLX(0..0.)

RESLS(1) = CMPLX(0..0.)

RESRACT) = CMPLX(0..0.)

RESLL(I) o CMPLX(0.,0.)

RESR2(L) = 0.

RESL2(1) » 0.

RESRLI(I) = 0.

RESL1(1) » 0,

REINFR(I) » O,

:.Il’l.. ' A .I‘ AUSOASRN LA ' A ‘s $%
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REINFL(L) & O,

RESR(1) o CHMPLN(O..0.)

RESL(1) & CMPLX(0..0.)

DO T J e .87

ELUND’J. 1) = CMPLX(D..0.)

ELDAM(J.1) s CMPLX(D..0.)}
CONTINUE

o0

~SAVE DESIRED SLOW LEFT EIGENVECTORS #OR OPTIMIZAT[ON~-==m

(1]

DO 660 t = 1,58
00 668 J = 1,lROMWS
260  TCES(I..! ¥ TSLOW(1.J)
c
Cowa.
c
620 CALL LEQTIC(XS.55.85.UNITYC.55.55.0.MA.[ER)
00 9 1 = 1.58
DO 9 J s 1.58
’ TCJe1) » UNITYC(I.J)
- REINIT COMPLEX (DENTITY § XS~
00 11 1 s 1.5%
00 11 4 s 1,58
AS(Isd) & CMPLX(D..0.)
U s UNITY(L.J)
1 UNITYC(1.J) e CMPLX(U.D.0)
IF{IRECHK.EQ.C)GOTQ (7
DO 64C I = 1.55
DO 640 J s 1.[ROWS
KK = [STATE(J)
640  TSLOW(I.J3eT(I.xXK)

—=«fIND DESIRED LEFT SIGENVECTOR MATRIX T

GOTO 08
[+
CommecenanaeaaFIND SVO OF CuaT (DAMAGED)
[+

17 D0 10 [ = 1.8§
10 VCTT(I.1} = 1.0
CALL LSVDPF(CT.55.55,18.UCTT.55.55,SCT.WKCT. IER)
90 151 = 1.18
[F(SCT(1).67.0.0)GQTO 8
IRANCT = [~-1
QoTo 20
15 CONT INVE
20 CALL FRTCMS({"CLRSCAN °*}
WRITE(6,16)IRANCT
16 FORMAT(/SX, 'uunn RANK(CHwT) & ', 12,° wnun’,/}
DO 25 1 » 1.8%
00 23 . s [RANCT » [,.55
UCX s UCTT(L. 1)
28 UCTLITC(J=IRANCT. 1) = CMPLX(UCX.0.03
ANALYSIS [NFO-

WRITE(6.18)
18 FORMAT(/SX. ‘wesn ENTER “1" 1F PASS IS FOR UNDAM ANALYSIS muwe‘,
L /8K, ‘nuwun ENTER ~0~ ELSE. wnun’, /)
READ(».8)1UND

IFCIUND.£Q.1)0G0T0 1¢
READ(4.S)((ELUND(I.J)oJels87). 181, IRONS)
c
Cr=mesvacccena=PASS QUE
c
19 WRITE(G.41)
41 FORMAT(/SX, ‘munn ENTER “1* (F FIRST PASS THRU ELSPACE nmuw',/SX,
1 *unwn ENTER PASS NUMBER OTHERWISE. w7
READ(w,8)1PASS
1F(1PASS.€Q.1)GOTO 42
READ(IPASS.2)IRONS, IPASSA
READ{IPASS. &) (ISTATE(I).1s], IROWS)
READ(IPASS.S)((X(1.4).Jn1.88),1a],58)
READCIPASS . S)((TLL1,J).Jnl.58).1n1.58)
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READCIPASS . S)((NSLOW(E ) Jn], IROWS ). 15]1.58)
READ(IPASS. ) ((TSLONI1.J),Js) IROMS), In].58)
READCIPASS. S ) (ESLOW(I), Inl, IROWS)

o0

—=eREINIT € APTER ELSPACE EXECUTION

1]

€2 D0 27 I s 1,IROMS
Il » ISTATE(D)
ED(IL) = ESLOW(D)

27 E(II) = ESLOM(I)

c

Commrmmenwae—=REINIT XD AFTER ELSPACE EXECUTION
o

208 1 s (.58

00 8 J 2 1,58
29 XD(1.J} & X(1.J)
c
Coa.
[
) DO 30 1t = 1.IROWS

21 s ESLOW(I)

IF(ICHG.EQ.0)GOTO 34

21 o E(ICHG)
34 DO 35 J s 1.55

DO 38 K = 1,58

AR s A(JK)

ATR & A(K,J)

AML{J.K) = CMPLX(AR,0.0) ~ Z1wUNITYC(J.K)
38 ATML{J /K] ® CMPLX(ATR.3.0)} = ZIwUNITYC(J.K)

CALL CMATML(UBLITC.AML.[UBL.S5.55.UBA}

CALL CMATML (UCT17C.ATML .58~ [RANCT.55.55,UCA)

D0 36 JJ = 1.1uBl

DO 36 KK = .85

IF(1CHO.EQ.0)G0TO 37

ANULL CINULLC . JJ.KK) & UBAC(JIJ XK}

GOTO 36
37 RNWLLIT . JJ/KK]) 8 UBACJJ.KK)
36 CONTIHUE

00 60 JJ o 1.58=[RANCT

DO 60 XK = 1.58

IF(1CHG.EQ.0)GQTC 39

LNULLCINULLC. JJ . KK) 8 UCACJLS.KK)

GOTO 40
3¢ CNULL(T . JJ.KK) & UCA(JJI.KK)
€0 CONTINUE

IF(ICHG.EQ.01GCTO 30

21C = AIMAG(C13 .

CICHK = ABS(TIC)

IF(CICH.£Q.0.:GOTO 208

IP(INP.£Q.1)G0TC 208

21 = CONJG(2Z1)

INe = |

INULLC » INULLC + 1

I1CHG » ICHG ¢ |

ESLOW(INUWLLC) s 21

~=FIND NULL SPACE OPERATORS

ECICHG: = 2}
ED(ICHG) s 21
GOTO $4
so CONTINUE
c
CoovomcacaaaasFIND LEFT/RIGHT RESIDUALS:
c
208 COBUR = 0.0
COBJL = 0.0

DO 80 J = 1.IROWS
DO SS I » 1.88
WVR(1) = XSLOW(I.J)
ss WVL(T) = TILOW(L.J)
c IF(ITER.NE.0)GOTO 46
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IP(J.LE.4)00TO &S
1¥(J.£€Q.10)GOTO 45
1P(J.£Q.111G0TO 45
IF(J.€Q.11)60T0 8
1 (J.2Q.21)60TO 4S5
GOTO 46
cés CALL SROOT(ESLOM(J),ROT,.0128)
WRITE(6.581J.ROT ‘
css FORMAT (1X. *SLOW LEST EIGENVECTOR NO.*.12./%8X,
* ‘EIGENVALUE = ‘. E12.5.1K,E12.8.° 4°./5K.
=*DESIRED VECTOR DESIGN VECTOR® ./}
WRITE(6.58) (TDESCI,J), TSLOW(I,J),151,.8) .
WRITE(6.47)
c‘7 Foﬁ"‘f(‘ LIS LRI R Ry Eleady] ITET ISR RS R 2020 L0 B
WRITE(6.,56)(TDES(L.u). TSLOW(I.J) . [u%.16)
WRITE(6.47)
c WRITE(6.S6)CTOES(L.J), TSLOW(T,J).1n17,88)
csé FORMAT (1N E12.5. 1K, E12.5,'J* 5K, E12.5,1X.E12.5.'J*)
[ 0O $7 JJ = 1.IUBL
DO 87 KK s 1.5%
s7 NMR(JJKK) & RNULL (J.JdoKK)
DO 60 JJ = 1.NI-IRANCT
DO 60 XK s 1.N1
€0 NML(JJoKK] & LNULL(J.JJ KK
CALL CMATML(NMR.WVR.IUB1.58.1,R08J)
CALL CMATML (NML . WVL.N1=IRANCT,NL,1,L0BJ)
RTEST = 0.
00 61 JJ = 1.1UBL
RESR2(J) » RESR2(J) * ROBJ(JJINCONJIGIROBI(JST)
RESR1(J) & RESRL(J] + CABS(ROBJ(JJ))
RESR(J) » RESR(J) * ROBJ(JJ)INn2
RINFR = CABS(ROBJ(JJ))
IF(RTEST.GT.RINFRIGOTO §1
REINER(J) o RINFR
RTEST » RINFR '
61 CONTINUE
RESR2(J) » SORT(RESR2(J)}
RR » RESR(J)
RESRR(J) » CSQRT(RR) .
c COBJR = COBJR « CABS(RR)
c COBJR » COBJR + CABS(RESRR(J))
COBJUR » COBJR + RESR2(J)
LTEST « 0.
DG 68 JJ = 1.N1-IRANCT
RESLS(J) s RESLSIJ) + LOBJ(JIJ)
RESL2(J) @ RESL2(J) ¢ LOBJILJJINCONJGILOBI(IJ))
RESLICJ) = RESLI(J) + CABS(LOBJ(JS))
RESL(J) = RESL(J) * LOBJ(JJInw2
ELDAM(JJ.J) » LOBJCIS)
CormmmncecccacnacasSAVE UNDAMAGED LET RESIDUAL VECTORS-——-emwc——eoeaaes
LECUND.€Q.01GOTO ¢5
ELUND(JJ.J) = LOBJ(JIY)
(33 RINFL = CABS(LOBJS(JJ))
IF(LTEST.GT.RINFLIGOTO ¢8
REINFL(J) & RINFL
LTEST s RINGL
1} CONTINUE
RESLI(J) @ SORT(RESL2(J))

Oﬂﬂﬂﬁs

(2]

O 000

RL = RESL(J)
RESLL(J) = CSQRT(RL)
[+ COBJL e COBJL ¢ CABSI(RL)
c COBJL = COBJL ¢ CABS(RESLL(Y)) .

COBJL = COBJL + RESL2(J)

L1] CONTINVE

CoemmctnmacacccaaachR{TE UNDAMAGED LEFT RESIDUAL VECTOR-cmc—ccecmeoe~aan
IF(IUND.EQ.0)GCTO 8
HRITE(6, B)C(ELUND(T . J)sJm1:37),10],IROWS)

[ IF(1ADS.EQ.5)G0TO 93

67 IF(ITER.GT.1)GOTO 400

206

’ . \ i . o S R A
R T IR I i AR ‘.s‘.),‘-'\ . s Y

>y \ 3 e N Y N Np g N N Na "t YN S ey ms o]
AN N MG NV R PR N N A A N A AN N A ARG 2, N N A5G 2N A, GO S N, Yyt



N

c
[o—
(1] WRITE(6.70)COBJR.COBIL

70 FORMAT(/SX. 'nunn DAM=AT SLOW SUBSPACE RESIDUAL = ‘.E£12.5.° mnsw’,

DISPLAY RIGHT AND LEFT RESIDUALS

1 /8%, ‘unun DAM-LT SLOW SUBSPACE RESIDUAL » °.E12.5.' ssam',/
23
c
CrrececaacasaaDISPLAY INDIVIDUAL RESIDUALS.
WRITE(6.80)
[ 1] FORMAT(/1X.'UND EVECT SLOW STATE RGT-DAM RESIDUALS LFT

1-DAM RESIDUALS',/}
WRITE(6.81)CISTATEC(I}. {,RESR2(TI.REINFR(I) RESLI(I).REINFL(I),
»(zl, [ROWS}
a1 FORMAT (4X,iZ, 10X, 12, 6X,E12.5.1X.EL12.5,.2X.,E12.5,1%XE12.9)

Cosmmuncccneas SET UP ARSITRARY ELEMENTS FOR ADS SIMILAR TO ERSPACE-=-m==—e
Coemmanew—an—nFfOR RECRIS 0O NOT LET RT STA8 OR LT STAB BE ARBITRARY
11l = 1
00 71 I = 9.43
c 1F(1.LE.B)GOTC 71
TARBCIII) » !
1171 = £I1 = 1
CONTINUE
COMMENTED OUT FOR RECRIS
0O 72 [ = 29.34
IARB(IIL) = 1 + 9
{11 = 111 » 1
CONTINUE
Comecmwancaaaa@OR RECRZS CASE THERE AREL0 LESS ARS ELEMENTS THAN FOR~-o-
CommmmccccacauaSYMMETRIC CASES. COMMENT THE SOLLOWING TWO OQUT FOR SYMM.
= ASES.
c 1ARB(27) a 48
c IARB(I8) = 47
c

~
I~

snonn

USE THE FOLLCWING TWQO FOR SYMMETRIC CASES
JARB(S6) = 48
IARB(27) s 47
c
Creecacacacamna EPT NULL SPACE OPTIMIZATION QUE
c

WRITE(6.82)
82 FORMAT(/5X, ‘wwun ENTER 1" FOR MIN. OF LFT-DAM RESIDUALS ONLY w#wws

"L /5K, T USING ARB VECTOR ELEMENTS AS VARIABLESWwww
w L /8X, *wuus ENTER “2" FOR LFT NULL SPACE INTRSEC. ANALY. wwan
"L /8, *unnn ENTER “3" TO SHIFT A DESIRED SLOW EIGENVALUE muwn
., /8K, ‘wunm ENTER *4* TO EXIT ELSPACE AND WRITE OPTEIG  wewm
/5%, ‘ewum ENTER "S™ FOR MIN. OF LFT-DaM RESIDUALS ONLY wwaw
"L /8K, FTTY) USING EIGENVALUE AS VARIABLE. LALL]
"', /8K, tewnw ENTER "¢” TO WRITE SEGEIS. ALLL
.. /5K, *anwn ENTER "7* TO EXIT ELSPACE. LILL]
/8K, ‘uman ENTER "0 TO EXIT ELSPACE AND WRITE XSLOW. wawe
w7

READ(%.8)1ADS

1F(1ADS.€Q.7)GOTQ 9000

IF(IADS.€Q.6)GOTO $30

{F(1ADS.EQ.4)GOTO 424

{F(1ADS.€Q.1)60TO 83

IF(1ADS.EQ.93GOTO 83

I#(1ADS.EQ.2)GOTO 84

I (IADS.EQ.0)GOTO 21

CALL FRTCMS('CLRSCRN '}

[ L REINIT RESIDUALS:
00 87 {1 » 1.IROWS
REINFR(I1) = 0.
REINEL(I1) s 0.
RESRI(I1) o 0.

RESLICIL) = Q.
RESR2(II) = O,
RESL2(11) = O,
RESLS(11) e CMPLX(0..0.)
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RESRS(II) » CMPLX(0..0.)
RESR(IL) = CHPLX(0.,0.)
| 24 RESL(IT) = CMPLX(0..0.)
c QUERY USER POR EIGENVALUE SHIFT INFO-
77 MRITE(E.73)
73 FORMAT(/SX. ' nunn ENTER UND VECTOR NO. YOU DESIRE TO SMIFT suse’./§
ix o mums ENTER “0% TO QUIT. LLLLANY A |
READ(».2)1ICHG
CALL SROOT(E(ICHG).SCHG,.0125)
bt WRITE(6.7411CHG.SCHG
76 FORMAT(/SX. wunn ENTER NEW S-PLANE VALUE OFf VECTOR '.I2.° snws’,/

] $X.* CURRENT VALUE » ' .€12.5.,1X.E12.5./,
. 5K’ REAL PART 2'./}
READ(%.75)RZ
WRITE(6.79)
79 PORMAT ( /8X. ¢ IMAG PART 2°.,/7)
15 PORMAT(F12.8)
READ(».75)C2

CALL FRTCMS('CLRSCRN *)

24 = CMPLX(RZ.CQ)

E(ICHG) = CEXP(240.0125)
EDCICHG) = E(ICHG)

INP = 0

D0 76 11 = 1.lROWS
IFCISTATE(IL).NE. ICHGIGOTO 76
ESLOW(II) = ECICHG)

INULLC = [T
8070 26
76 CONTINUE
INULLC = II
sOTO 26
c
Commmme OPTIMIZATION-
c

83 WRITE(6.108)
105 FORMAT(/8X, *wnns ENTER SLOW INDEX OF THE RESIDUAL FOR ADS sanx',/)
READ(.88)10(1)
85 BORMAT(12)
CALL FRTCMS('CLRSCAN ')
GQTO 241
as CALL PRTCMS('CLARSCRN )
IFCINULL .NE.0)GOTO 8¢
READ(7,21INVLL
READ(7-3)((RUNULL(1.,JJ:KK) . KK21,58),JJ01,45)
READC7 - S CLLUNULL (L v JJ KK . KK 1. 8551,0J21.37)
[ 1 10(1) o INULL

-~

Comwoameneaa [NIT FOR ADS-
o6l iR = 10(1)
AL s RESL(IR)
RR s RESR(IR)
ABR e CABS(RR)
ABL = CABS(RL)
c IB(ABR.GT.ABL)GOTO 111
c 08J = ABL
[+ @oTo it2
111 08J = ABL
12 IF(INFO.£Q.1)G0TO 121
113 IN e
ISTRAT = O
JOPT s 8
IONED = 2
1P (1ADS.£Q.1)GOTO %0
NOV o 2
GOTO 91
0 NDV = [N#2%SS
” NCON ¢ 0
NOT s O
IGRAD s 0
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NRA e 1)}
NCOLA » 222
IPRINT » 0
c
[~ SET BOUNDS
[
T3 = ESLOMC(IR)
IF(1ADS.£Q.1100TO 114
CALL SROGT(23.22.TSTER)
XX(1) » REAL(23)
XX(2) = AIMAG(2S)
WRITE(6. 95 1IR, ESLOWCIR) /22, ISTATEC IR
” FORMAT(/5X, " wess aDS (S BEING ENTERED FOR ESLOMW(' . 12.') wumn', /86X,
i Teuew 7 s ¢ E12.5.1X.E12.5." 4 hALL AN } 8
2 ‘esmn S e ' LEIQ.S.IX.E12.5. 0 cnmnc ., /85X,
H ‘wene ENTER Z-PLANE BOUNDS FOR THIS SIGEN=  <uwnw’,,/gx.
4 ‘wemn VALUE IN F20.13 FORMAT. LLLLANYS t 8
5 ‘wnew UNDAMAGED EIGENVECTOR NO. % 1 LLLANYS ]
WRITE(6.720)
120 FORMAT(/SX. 'wenn ENTER VALUE OF ALPMA FOR OBJ wann'./)
READ(S, 117)ALPHA
00TG 92
116 CALL SROOT(23.22,TSTEP)
WRITE(6.110)IR.ESLOWCIR) . 22, ISTATE(IR)
110 FORMAT(/SX. ‘wwns ADS 15 BEING ENTERED FOR ESLOW(",12.') weune, /8y,
1 ‘mume 2 2 ¢ E12.5.1X.£12.8,'y nww', /8%,
2 ‘wesw S s ‘L E12.8.1X.E12.5,'y unaw',/8X,
H ‘wwsn ENTER BOUNDS OM THIS SLOW LET EVECTOR whwe', /8%,
é ‘Huun [N F20.1S FORMAT, suun’, /EY,
s ‘usNN UNDAMAGED EIGENVECTOR NO. Y &4 tenanc, /)
” WRITE(6.138)
118 FORMAT(/SX, " wuun REAL TOLERANCE s wawn‘,/)
READ(®,117)8R
WRITE(G.116)
116 FORMAT(/SX. ' #unw IMAG TOLERANCE o anunt, /)
READ(%.117)8]
uz FORMAT(F20.13)
< WRITE(6.118)
Cl8  FORMAT(/5K. ' #wsw ENTER WEIGHTING FACTOR nuun', /)
c READ( ", 117 IMEIGHT
CALL FRTCMS('CLRSCRN ')
c BUILD DESIGN VARIABLE VECTOR AND UPPER/LOWER BOUND VECTOR
IFC1ADS.£Q.1)G0TO 239
VUB(1) » XX(1) » BR
VLB(L) = XX(1) - B8R
VUBIZ) & XX(2) « Bf
VLB(2) = xxt(2) - 81
IF(XX(2).NE.0. 1GOTO %6
IINAG & |
%% DF(1) = 0,
OF(2) o 0.
CALL FRTCMS('CLRSCRN *)
o
93 75 s RESL(IR)
CommeaPRE 26 OCT OBJm-—aun-
c 0BJ » CARS(ZS)
Cowmea2é OCT NEW 0BJ
[+ Z3A s CSQRT(2%)
c OBJ » CABS(ZS)
c OBJ = RESLICIN)
OBJ & RESLIC(IR) ~ ALPHA
[ OBJ = REINFL(IR)

IPRINT » 0

Commmmevtecacanccoc2-NOAM OF LEFT RESIDUAL OIFMERENCES-cocmmmoommmem e

c
cro0
c
4
crno

LA I I AR

S A
CI P A S S

00 700 1t = 1.37

DIFFCII) o ELDAMCIT.IR) - ELUND(II.IR)
oBJ s 0.

00 710 (1 = 31,87

O8J = ORJ ¢ DIFF(]1)nCONJG(DIZF(IT))
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[ 08J s SARTI(OBJ) ~ ALPHA
Commrmorcnccccacass [NFINITY NORM OF LEFT RESIDUAL DISFERENCES-—e————ca-
o8J s 0.
OTEST s O.
DO 718 I1 o 1.37
DINP = CABS(DIFP(11))
IF(OTEST.AT.0IN®IGOTO 718
GBJ = DIN®
OTEST « DINF
cr1s CONTINUE
CALL ADS(INPO.ISTRAT.IOPT.IONED.IPRINT. [GRAD.NDV.NCON,XX.VLB.VUB.
L JBJ.G.IDG.NGT. IC.DF . RA . NRA.NCOLA . WK, {2000, IWK. (200)
(F{IIMAG.NE. . :GOTQ 9
XX(23 e Q.
L1 WRITE 6.97IITER.XX(1) ., XX(2).08J
” FORMAT (1X, ‘ITER NO.'.I2:° XX(1) & '.E18.e.' XX(2) & *.E15.4
* ., 0BJ s '.EL2.8)
ITER = ITER » |
[CHO = ISTATEC(IR)
26 o CMPLXIXX(]).XX(2))
c Z(ICHG) » CEXP(24%.0125)
E(ICHG) = 26
ESLOW(IR) = ECICHG)
EDCICMG) s EC(ICHG)
INULLE = IR
IFCINFD.EQ.01G0TO *8
IP(ITER.GT.201GOTO %8
IF(0BJ.LT.1.E-011GOTO 98
INP 2 Q
D0 % ! = 1,[ROWS
RESRS(1) = CMPLX(0..0.)
RESLS(1) = CMPLX (0..0.)
RESRLI(T) » O,
RESLI(I) ¢ 0.
RESRI(1) = 0.
RESL2(I) = O.
AWINFR(L) = 0.
AEINFL(T) s 0.
REJACI) s CMPLX(0..0.)
”* RESL(L) s CMPLX(0..0.)
GOTO ¢
” 1ADS o O
IR e O
ICHG = 0
ITER » 0
INEG = 0O
1I™a0 s 0
INN s 0
GOTO ¢¢
23 4y sl
XK = jo(l)
DO 120 LL = 1.58
RX = REAL(NSLOW(LL .KK)}
CX = IMAG(XSLOWILL.XK))
TR o REAL(TSLOMILL.XK))
TC = IMAG(TSLOWILL/(KX})
1286 aAX(JJ) = TR
NX(JJel) o TC
CrovemcneacaeCURRENTLY [MAG PART OF THE VECTOR ARE NOT ARB POR---o--—-
[+ RECR2S case 2SX ASYMMETRIC DAMAGE CASE(NOT FOR SvmM)
C I7 ARBITRARY ELEMENTS FCR RECR2S USE MM s 1.36 FOR SYMMETRIC CASE

o000 00D0

0O 126 MM o 1,37

126 IF(IARB(MM).£Q.LL)IGOTO 127
YUB(JJ) & XX(JJ) ¢ BR
VLB(JJ) o XN(JJ) - BR
0070 128

127 VUB(JJ) ® XX(JJ) + BR
VLB(JJ) & XX(JJ) = BN
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12 IF{YC.NE.0.0)00TO 286
VUB(JJe1) » 0.0
VLB(JJe1) = 0.0
0070 2%

286 DO 287 WM = 1,87

07 IF(IARB(MM).EQ.LL)GOTO 208
VUB(JJel) & XX(JJel) « BT
VLBCJJI*L1) = XX(JJ*l) = 8]
6OTO 8%

288 VUBLJUJ+L) = xN(JJel) » BY
VLBCJJel) o UN(JJel) = BT

c8s = JENDEERE: N
SE(JJel) = ).

b

Cemmmo=ere=o==ZEROIZE OUT SLEMENTS WHICH ARE < +/w= |,D-08~~—~=-—mmeeeeace
¢ aM NOT JEROIZING OUT ROR RECR2S CASE
¢ RTEST » aBS(XX(JJ))

c CTEST & ABS(XX(JJo1))

t IFIRTEST.EC.0.:GOTO 120

c IF(RTEST.GT.1.€-08)GOTO 130

c XX(JJ) = 1.E~14

c VUB(JJ) = 1.E-16

c VLBLJJ) = -1.0€-16

C130  IF(CTEST.EQ.0.)GOTO 248

c IF(CTEST.GT.1.E~081GCTO 248

c AXCSJel) = 1 €16

c VUB(JJsL) o |.0E~16

¢ VLBLJJSL) o ~i.0f-16

2¢8 dd 8 JJ e 2
120 CONT INUE
121 SAalL ADS(IN!O.ISTIMT-XO’Y-iONEB.KPIINT-KGRAD-NDV-NCON-XX-VLLVU!.
1 OBJ-G.:WoNGT-(C-DF-RA.NRA-NCU.A-HK.NOOO-KHK:XZOO)
ITER « ITER o |
c EVALUATE OBJECTIVE FUNCTION
44 a1
ICONJG = O
XK = 10(1)
00 268 LL v 1.5¢8
!F(IHAQ(ESLOH(KKI).EB.0.0IQOTO 1Y
n ICONJD s |
66 TILOWILLXK) & CMPUXCXX(JJ ). XXCJae1})
248 JJ 2 ug e 2
{1 CONT INVE
084 s 0.
ALREAL = 0.
RL » CMPLX(0..0.)
RESLITIR) » 0.0
RESLIC(IR) w 0.9
00 290 I v 1.58
290 WVL(II} = TSLOW(IT.:R)
DO 291 J4u » 1.NI-1RANCT
00 291 KK = |.N]
o NMLCJJ LK) & CNULLCER L U KK)
CALL CMATMU (NML . WVL N1~ IRANCT.N1,1.L08J)
LTEST » 0.
DO 292 Ju s 1.NI-IRANCT
ca9n2 RLAEAL » RLREAL + CABS(LOBJCtJJ))
CovawmnePLAN § OBJs SUM OF AL’ Sewewmcan
Rt = RL » LOBJ(JI)
CovmocucASYMM TEST OBJ 5 | NORM=ceee-
RESLICIRY » RESLICIR) » CABS(LOBJU(JJ))
REJLICIR) o RESL2(IR) » LOBJ(JJ)IwCONJIG(LOBI(JJ))
Cre~e=ccASYMM CASE TEST OBJ » INEINITY NORM-—c—ee
RINFL o CABS(LOBJ(JIJ)}
IF(LTEST.AT.RINFLIGOTO 292
REINPLOIR) = RINFL
LTEST o RINFL
292 CONTINUE
RESLZ(IR) » SORT(RESL2(IR])
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RL » AL+ LOBJCJJI)INN2
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IF(IADS.NE.2)GOTO 294

(0000000 000 0 0000090 0000 00 0 509050 5096 00 00 00 06 00 00 40000 0 0040 00 00 00 00 08 0 00 00

ALD s CABS(RL}

Rt » CMPLX(0..0.)
DO 298 JJ « 1.37
D0 298 KK = [.N1

295 NMU(JJ.KK] & LUNULL(L.JJ.XK)
CALL CMATML (NML.WVL . 27.N1.1.L08J)
J0 298 JJ s 1,37

298 AL = R - LCBJLJIS)
ALY = CABS(RL)
IF(RLU.GT.RLDIGOTQ 298
0BJ s RLD ¢« «EIGHTWRLU
GOTO 296

298 OBJ & ALY + WEIGHT@RLD
GOTO 29¢

C294  OBJ » ALREAL

[+ PLAN 3 OBJ

C296¢ OBJ = CABS(RL)

[ JLAN 1 OBJ

ca9% QBJC = CSCRT(RL}

~

Q8J s CABS(0BJC)

Comammancananaa [NF-NORM CBJUECTIVE SOR ASYMMETRIC CASE 11/3/86ecw~-

c 0BJ » REINFL(IR)
Crwemecmnaneeea2oNORM OBJECTIVE FUNCTION 11/3/8b=———cmeo—ncasacax
29 0BJ = RESLI(IR)

CommmencecrseaaToNORM ¢ ORIENTATION OBJECTIVE FUNCTION 11/6/86~--~

81¢

0o
-
o

287

308
c

[ J——

249

301

304
300

00 80C JJ = 1.55
DTC(JJ) = TOES(JJ. IR} ~ TSLOW(JJ. IR}
OTNORM(IR) = 0.
DO 810 JJ » 1.58
OTNORM(IR: s OTNORM(IR) <+ DT(JJI®CONJGIDT(JJD)
OTNCRM(IR] » SQRT(DTNORM(IR))
OBJ = OTNORM(IRY « RESLI(IR)
(F(ITER.GT.2000)G0TQ 257
IF(INFO.EQ.01G0OTO 287
3070 121
IF(ICONJG.EQ.0)GOTO 249
KK = I0C1)
DC 308 LL = 1.58%
TSLOWILL.KK*1} a CONJG(TSLOW(LL.KK))

———meeesREBUILD X.T.XLOW. TSLOW-

0O 300 XK 2 1.5%

00 302 LL = 1.IROWS

IFCISTATE(LL).EQ.XKK)GOTO 30t
CONT INUE

DO 303 JJ = .58

XS(JJ.KK) 8 T(JJ.KK)
XT(JS.KK) & XS(JJ.KK)

GOTOo 300
D0 304 JJ e 1.8%

XS$(JJ.KK) = TSLOW(JJ.LL)
AT(IIKK) 8 XS(JJ.KK)
CONT INUE

CALL LEQTIC(XS.55.55.UNITVC.55.55,0.WA. [ER)

00 267 KK =« 1,58

DO 247 LL = 1.5%

TIKK,LL) » XT(KK.LL)

XDCLL.KK) & UNITYC(KK,LL)
K(LLKK) & UNITYC(KK.LL)

DO 288 JJ = 1. IROWS

DO 28% KK = 1.5%

LL = ISTATE(JD)
ASLOW(KK,JJ) & X(KK.LL)
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00 280 KX s 1.58
DO 230 LL = 1.8%
280 UNITYC(XK.LL) = CMPLX(0.0.0.0)
DO 282 XX = 1.58
262 UNITVCIKK.KK) » CMPLX(1.0.0.0)
DO €75 I « 1.IROWS
RESRI(L) » 0.
RESLI(L) « 9.
REIN2(1) » Q.
RESLI(1) = @.
RESR(1) » CMPLX(0.,0.)
675 RESL(1) = CMPLX(D..0.)

GOTO o8
600  CALL #RTCMS('ZLRSCRN °)
c
Cosemnmmmcaeaac DISPLAY OBJECTIVE ZUNCT ION
c
h‘lf!(i-‘loIOSJ-RESLZ(XR).DTNOIIH(!!)-KWO.lTEﬂJLD-RLU-HEtGNT
41C  FORMAT(/SX, nunu ADS COMPLETE annn’, /5%,
- ‘ OBJUECTIVE FUNCTION = *,E12.5,/8X.
] . Q=NORM OF RESIDUAL » *,E12.%5./8X,
b ‘ OT 2-NORM OF DIFF » ‘.E12.8.,/8%,
" ‘ INFO = 11, ITER = *.14,/%%.
" ' DAM=LT QBJ = *.E12.5.1x.° UND-LT OBJ o '.E12.5./8X,
L] ' WEIGHT FACTOR = ',£12.8,/)
c
ComsmmmcoeaaaDECINE TO REENTER ADS. WRITE ADSDAT FOR ELSPACE RENTRY OR-~
c WRITE OPTEIG FOR RECONR® RENTRY.
c

WRITE(6.470)
670 FORMAT(/SX,"wnun ENTER "1 Tg REENTER ADS nunw', /65X,

L] ‘wsws ENTER “2% TO WRITE ADSDATA unne* /Sy,

[] ‘wewn ENTER 5" TO WRITE ASLOW LLILANWL $'

" ‘ersn ENTER "4" TO WRITE SEGELG nnnn', /Sy,

» ‘esnn ENTENW "0~ TO WRITE OPTEIG wwmn‘,/)
READ(*.8) IEEN

CALL FRTCMS('CLRSCAN ')
IFCIEEN.£Q.0)80TO 424
(FOIEEN.€Q.218QT0 Sig
IFCIEEN.€Q.3)GOTO 821
IF(IEEN.EQ.4)G0TO 530
00 %00 I » .26
RESRL(I) = 3.
RESLI(1) = 0.
RESR2(1) s 0.
RESL2(1) = 9,
REINPR(T) » 0.
REINFL(L) = 0.
RESR{I) = CMPLX(0..0.)
00 RESL(I) » CMPLX(0..0.)
INFQ « ¢
ITER » 0
GOTO 208
c
CracmcmencuaacWRITE FILE 08 OPTEIG FOR USE BY RECONE
c
Cem=-—=u-INSERT ACT+ SENSOR UND ELEMENTS~~-
Coco—mmanVALUES INTO SLOM EIGENVECTORS~~HEO/LAT ELE 9= lGommc=mnmomecaan
Ce2¢ DO 462 1 « 8,48
Ce24 DO <62 1 » 9,43
DO <62 J « 33.88
IF(J.NE.€1)GOTO 447
1F(J.NE.€2)GOTO 447
IF(J.NE.45)00T0 &¢7
1F{(J.NE.$2)00T0 4¢?
IP(1.NE.9)GOTO 467
IP(1.NE.10)60TO 4¢7
1F(1.N€.11160TO €67
IF(1.NE.12)0070 467

000000000
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IP(1.NE.13)GOTO 467
IR C1.NE.161GOTO 467

IF(1.NE.18)GOTO 467

IF(1.NE.16)00TO 467

00T0 462

XDCI.J) = XSAVE(I.J)

€662 CONTINUE

Co=~e==—=[NSERT UND LAT ELEMENTS INTO SLOM LONG EIGENVECTORS==mmmo—ma—ee
¢ 00 46 I = 5.8

c XDC1.38) = XSAVE(I,38)

¢

s

O00000

XD(I.,39) = XSAVE([.39)
XD(I.43) s XSAVE(I.43)
284 AD(].G66) = XSAVE(I.48)

Cemmmeeww INSERT UND LON ELEMENTS INTO SLOW LAT EIGENVECTORS-=cemce————- -
c D0 466 [ = 1.4

c XD(I.41) » XSAVE(].41)

c X0(1.42) » XSAVE(I.42)

c XD{1.45) » XSAVE(I.45)

Ccéé XD(I.852) = XSAVE(I.52)

c =RECONSTRUCT FAST EIGENSPACE FROM UNDAMAGED EIGENSPACE- RECR25--
c -FOR RECR2S 7.8.17.18.23,24 ARE ALSO SLOW STATES-

Ca24 DO 463 [ = 9,43
DO 463 J = 1.37
IP(J.EQ.7)GOTO 453
IF(J.EQ.81GOTO 463
IF(J.EQ.17)00T0 463
1F(J.EQ.18)G0OTO 463
IF(J.EQ.23)GOTO 463
i{F(J.EQ.264)GOTO 463
XD(1.J3 = XSAVE([.J)
CéeS CONTINUE
Crmmevannencac INSERT FAST ELEMENTS OF CONTROL LAW FILTERSewscacccccca.
c DO 468 J = 1.37

O 0000000

c XD{45,J) s XSAVE(4%.J)
Caeé8 XD(47.J) 3 XSAVE(47.42
CommmmmmeeawaeRESTRUCTURE X.DELTA BY REQRDERING THE FIRST |8~vereccacee=
c VECTOR/EIGENVALUE PAIRS TO 3E THE SLOW EIGENSPACE
424 00 %00 ( = 1.5§
0O 900 J = 1,18
200 XDR(I1.,J) & XD(1.J+37)

DO 910 I = 1.88
0O 910 J = 19.5%5

"o XDR(I.J) s XD(1.J~18)

DO 920 I » 1.18
70 EDR(I) = ED(1+37}

DO 925 I = 14.55
928 EDR(I) » EDCI-1O)

DO 930 I =« 1.5%
30 ED(I) « EDR(I)

DO 955 I s 1.88
DO 935 J =« ].88

s XD(I.J) « XDR(1.J)
Commmmmmeaa— ~=~~REINSET FAST EIGENSPACE:
c DO 936 1 » 9.43
c D0 956 4 » 19.55
c XD(1.J) & XSAVE(].J)
cose CONTINUE
Commmmmanae ~==QUERY USER TO CMECK RECONSTRUCTED OPT SPACE FOR RESIDUALS-
WRITE(6.610)
610  FORMAT(/5X, wENTER "1 TO CALC RESIDS FOR RECONSTRUCTED SPACEs’.
- /78X, ‘wELSE “0". " ./)
READ(».8) IRECHK

IF(IRECHK . EQ.0)GOTO <68
D0 €30 3 » 1.8%

DO $50 J o 1.58

DR s DREAL(XD([.J))

OC s DIMAGI(XD(I.J))

R s SNOL(DR)

C = SNGLI(DC)
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630 XS(1.J) » CHMPLX(R.C)

DO 668 ! o 1,88

DO 648 J = 1,IROMS

KK o [STATE(J)
453 XSLOM(L.J) = XS(1,KK)

DO 650 1 = 1.3¢

RESLIC(I) » Q.

RESRI(I) » 0,

RESLI(IY o O,

RESRI(1) » @,

REINFR(I) s O,

REINFLILI) = Q.

AETRIIY » CMPLXLD. D,
-850 2€SL{I) s IMPLX(O..0.)

INFQ 2 )

ITER » 9

GOTa 30
468  MRITE(B.4e0(IXD(I.J).Jm]l,58),.181.65)

WRITE(S.660)(ED(L). [n]1.58}
46C  PORMAT(4D20.13)

4

GOTG *0Q0
¢
Commmmcocencac R ITE FILE IPASS XSLOW FOR DECOMP
c

st iPASS ¢ [PASS - |
WRITE(IPASS. 2 YIROKS, [PASS
WRITE(IPASS .G (ISTATE(L). . [m], [ROWS)
ARITECIPASS. S)(X(I.J) .yl .58).00],58)
ARITELIPASS. . S)((T(1.J).ysl.58).2¢.58)
HRITECIPASS . SI((XSLOWIL . J) usl, IROWS), Iw],58)
WRITE(IPASS. 2 ((TSLON(I . J) unl,ROWMS) (=L .55)
WRITECIPASS. Z)(ESLOW(]). In}. JRONS)

3070 %000
c
CommmononcansWRITE FILE IPASS ADSDAT FOR USE 8Y ELSPACE-—v-w=aw—eew
c

sto 1PASS » [PASS » |
WRITECIPASS.2)IROWS, (PASS
WRITE(IPASS . 4)(ISTATE(] ). [al, [ROWS)
WRITECIPASS, 3 ((X(L.J).ynl.58).[21.55)
MRITE(IPASS. . ZI((T(L.J),Jynl.58).[n],55)
WRITE(IPASS, SIL(ASLOWIT.J).Je},IRONS Y. 103,58
WRITE(IPASS. SICITSLONIL, J) . Jul, IRONS ). [a],.85)
WRITE([PASS, 3)(ESLOM(L) . Ial. JRONS)

3070 000
c
Covmemmmccna-cwRITE FILE 9,10.0R 11 SESEIQ DATA.
[

830 CALL FPRTCMS('CLRSCRN '}
WRITE6:538)

835  FORMAT(/SK.’'wnww ENTER DESIGN SEGMENT NUMBER wewe',/}
READ(».8)ISEG
ISEG = 1S€0 + 8
MRITECISEG. S 1L IXSLOW(L,J),Je]. [ROWS), In],.85)
WRITE(ISEG,3)(ESLOW(I) . Ivl. IROWS)

9000 sTOP
END

CHRPRINN IR NIRRT RN NN AN RSN UAR NI NSRRI RS NO NN AN AR NN RN NN AN

SUBROUTINE CMATML (COMPLEX MATRIX MULTIPLICATION)

lAssg OWS IN AA
LL # & OF ROWS IN BB AND 8 OF COLUMNS [N Aa
I8 « 8 OF COLUMNS IN B3
L L L T T Ty L L T T R T P T PR T TP DY TR Y P YT 1
SUBROUTINE CMATML(AA.BB.1A.LL.1B.YY)
COMPLEX®S AA(S5%,55).88(55.85),Vv(85.58)
INTEGER 14.LL.1B

[
c
[+
c COMPUTES: YY = AA » BB
c
c
c
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DO S0 1 s 1.1A

DO 26 J » 1.18

YY(1.J) » CMPLX(D..0.)

DO 10 INCEX = 1.l

YY({1,J) @ YY(1.J) * AA(].INDEX) » BBCINDEX.J)
10 CONT INUE

N CONT INUE
30 CONTINUE
PETURN
END
A L L e T R TR TRy 1)
<
z TUBRCUTINE “ROQT: CONVERTS J-PLANE RODTS 70
: S-PLANE R00TS
< CDR V.F. 3AVITD SULY 198¢

Cl'lll-llll'.l.ll'llI'lInlil-l'lnl.'..illlllIII'IIIIlIIIIl.‘l"ll‘llllll
SUBROUTINE SROOT(Z.3.T)
IMPLICIT REAL®G (A-H.P-2)
COMPLEXS 2.3
RS = IMAG(2)

RC & REAL(2)

8 = (ATAN2(RS.RC)I/T
Q2 = CABS(I)

A 3 - O0G(R2I/T

3 = CMPLX(-4.8)
RETURN

END
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APPENDIX G
SAMPLE RECONFIGURATION RUN FOR F-18, CASE A DAMAGE

RECON®
- VS FPORTRAN COMPILER ENTERED. 12:59:29

waMAIN#® END OF CCMPILATION 1 wuwmuw

WnCMATMLa® END OF COMPILATION 2 snuwss

SARANKDu® END OF COMPILATION 5 wwuwaw

“WRRMATDa® END OF COMPILATION 4 sanmunm

waSROOT#w END OF COMPILATION 5§ wunman
¥S FORTRAN COMPILER EXITED. 12:59:3¢

LOADING RECONF AND ORACLZA
EXECUTION BEGINS...

ENTER ~1" TO WRITE UNDAMAGED EIGENSTRUCTURE.R
SYST. MATRICES. (READ “RECONF” DATA A;,
“UNDIEG".“UNDABC“.& "CLM".
ENTER "2* TO READ UNDAMAGED EIGENSTRUCTURE AND
WRITE SLOW RT SUBPACE DATA FOR USE 8Y
“ERSPACE™ (WRITE “ERSPACE™ DATA Al)
ENTER “3" TQ COMPUTE RECONFIGURED GAINS.
(WRITE “FRECON™ DATA Al)
ENTER “4" TO COMPUTE RECUNFI1G. E1GENSTRUCTURE
AND TIME RESPONSE (OPTMATD.OPTPLOT)
ENTER "S™ TO COMPUTE Q AND WRITE FILE 12
“FXACT™ DATA.

2
wwuk ENTER ~1° TO MODIFY DESIRED EIGENSTRUCTURE wsne
awnn ELSE ENTER “0™, amaw
0
anmn ENTER "1™ TC DISPLAY DESIRED EIGENSTRCTUREWwus
wuns ENTER "0 OTHERWISE. nuun
]

wunn CALLING LSVDF FOR B anww

wans LSVDF OF “B™ COMPLETE wwaw

waun RANK(B) = 10 (LI

swen CALLING LSVDF FCR C wunnw

waew LSYDF OF "C* COMPLETE wuwnm

nuns RANK(C) = 18 nunw
SLOW STATE NO. ] UND STATE NO. 38 S = ~0.22794E+0]1 0.27014E+01J
SLOW STATE NO., 2 UND STATE NO. 39 § = -0.22794E+0]1 -0.27016E+01J
SLOW STATE NO. 3 UND STATE NO. 40 S = -0.I8114E+01 0,00000E+00J
SLOW STATE NO. & UND STATE NO. 41 S v -0.18703E*01 0,26152E+01J
SLOW STATE NO, S UND STATE NO. 42 $ » -0.18702E+01 -0.26152€+01J
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SLOM STATE NO. €6 UND STATE NO, 43 S = -0.511468+00 0.00000800)
SLOW STATE NO. 7 UND STATE NO. 64 S = -0.11888€+01 0.00000E+000
SLOM STATE NQ., @ UND STATE NO. 4¢3 S » -0.29042€+01 0.000008+00J
SLOW STATE NO. 9 UND STATE NO. 46 S » ~0.17330€-01 0.00000£+00J
SLOW STATE NO. 10 UND STATE NO. 47 S = -0.20036E+01 0.00000€+00J
SLOW STATE NO. 11 UND STATE NO. 48 S » -0.14434E<01 0.00000€+00J
SLOW STATE NO. 12 UND STATE NO, 49 S 0.34383E-02 0.00000€+00J
SLOW STATE NO. 1S UND STATE NO. 80 S = -0.10000€+01 0.00000£+00J
SLOW STATE NO. 14 UND STATE NO. 51 3 » 0.00000€+00 0.00000€+00J
SLOW STATE NO. 18 UND STATE NO. 82 S » 0.091185-02 0.00000E+00J
SLOW STATE NG. 16 UND STATE NO. 83 S = 0.0000CE-00 0.C0000E+004
SLOW STATE NO. 17 UND STATE NO. 86 S = -0.200C1Z-01 0.J0000E~00J .
SLOW STATE NO. 18 UND STATE NQ. 55 S s -3.J3001E<Ci  3.00000€-00J

R: T#9.29/11.33 13:00:06

ERSPACE

VS FORTRAN COMPILER ENTERED. 13:02:32

nuMAINS® END OF COMPILATION | wwanmw

#aCMATML S END OF COMPILATION 2 wmswnwe

#4SROQTHs END OF COMPILATION § wwnnsw

VS FORTRAN COMPILER EXITED. 15:02:38

LOADING ERSPACE

EXECUTION BEGINS...

enne INDICES OF SLOW EIGENVALUES swww

39 39 €0 (3] €2

43 o 5 44 €7

“8 “y s¢ $1 82

53 86 85

sese THE FOLLOWING VECTOR DISPLAYS THE NEARNESS Of essn

wuww EACH SLOW EIGENVECTOR TO THE ALLOWABLE RIGHT "
weun HAND SLOW EIGENSPACE FOR THE DAMAGED F18 MODEL. wwwe

0.34919958201780-02
0.26919958201780-02

L 09565434994540-02
0.430323027329¢0-02
0.430323082732940~02
0.19271623525380-02
0.21766807039600-02
0.40671674648160-02
0.29233812182720-03
0.70996269715670~04
0.16498364594931D-02
0.72070417519560-02
0.205443588988510-11
0.2850741225155D~12
0.09902872990800-0%
0.8966468211%520D-10
0.69071751343740-12
0.000000000¢000D00

sann ENTER "1 If RESIDUAL [$S UNSAT TQ RENTER ADS sunw
wunw ELSE ENTER “0". muwn

sune WRITING ELSPACE DATA FILE 08 sane
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R3 Tel8.11/29.92 13:08122

0L.SPACE

V3 PORTRAN COMPILER ENTERED. 13:04:19
#SMAINA® END OF COMPILATION 1| ssmunw

SRCMATMLY® END OF COMPILATION T wnsunn

#aSROOT#n END OF COMPILATION S wnwunw
VS FORTRAN COMPILER EXITED. 13:06:28

LOADING ELSPACE aDsS

EXECUTION SEGINS...

enng RANK(CwwT) » |8 wene

wnne ENTER “17 [F PASS 'S FOR UNDAM ANALYSIS snas
wene ENTER “0" ELSE. (X1

awan ENTER ~1” [F FIRST PASS THRU ELSPACE wwun
uwen ENTER PASS NUMBER OTHERWISE. wanw

suns DAM-QT SLOW SUBSPACE RESIDUAL & 0.26547E-() wwmw
wewn DAM=LT SLOW SUBSPACE RESIDUAL » 9.12S11E+05 wwxw

UND EVECT SLOW STATE  ROT-DAM RESIDUALS LPT-DAM RESIDUALS
38 1 0.34926E-02 0.31823E-02 0.336484E+02 0.J3673£-02
39 < 0.34926€~02 0.318J3E~-02  0.336484E+02 «23673E-02
<0 H 0.29547E-02 0.J695SSE-02  0.37790£+02 0.26721€<02
41 4 0.48%44€E-02 Q.I6901E-02  0.90BIJE-02 0.53941E-02
2 s 0.433448~02 0.36901€-02 0.908522€-02 0.63961E~02
43 3 0.19299€-02 9.17S48E-02  0.10999€+02 0.77762€-01
[ 7 0.2179/E-02 0.19839€-02 0.68938E+0%1 0.48743E+0}
5 8 0.63476E-02 0.37847€-02 0.10488£+00 0.74161E~01
6 . 0.2923SE-03 0.26580£-03  0.1%057E<Q1 0.12600€+01
7 10 0.68759€-06 0.SI8GGE~0G L20671€-01 0.14616E-01
<8 11 0.14587€-02 0.13553€-02 0.11538E-01 0.81498€-02
(3] 12 0.22043E-02 0.85518E-92 0.69335E-00 0.69318E-00
L1 13 0.28572E-11 0.20878E-11 0.27317€-01 0.19314€-01
51 14 0.25527€-12 0.174988-12 0.23157E-01 0.J30%4€E-01
K 1% 0.45755E-03 0.45448E-03  0.81955E-01 0.36294E-0Q
53 16 0.89645E~10 0.78303E~10 0.00000E-0Q 0.00000E-00
54 17 0.4920S€-12 0.38527€-12 0.00000E+00 0.00000E00
EL] 18 0.000008+00 0.00000E<00 0,00000€-00 0.00000E+00

swns ENTER *1” FOR MIN. OF LFT-DAM RESIDUALS ONLY ®wwn
swan USING ARS VECTOR ELEMENTS AS VARIABLESwsw#
wunn ENTER “2% FOR LFT NULL SPACE INTRSEC. ANALY, anan
weew ENTER “3“ TO SHIET A DESIRED SLOW EIGENVALUE #wew
snse ENTER "4 TO EXIT ELSPACE AND WRITE OPTEIG  #wnw
snne ENTER “S” FOR MIN. OF LFT-DAM RESIDUALS ONLY wwnw

bLLL USING EIGENVALUE AS VARIABLE. suan
wunw ENTER “¢" TO WRITE SEGELG. sann
wonn ENTER ~7% TO EXIT ELSPACE. nena

wunw ENTER “0% TO EXIT ELSPACE AND WNRITE X3LOW. LA

anas ENTER SLOW INDEX OF TWME RESICUAL FOR ADS seas

[ }}
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»
R
[
"
¢
y swuss ADS [S BEING ENTERED FOR ESLOM( 1) wwww
r snmn 2 s 0.97156E+00 0.32815E-014 wune
’: uune § s ~0,22790€¢01 0.27016E+01) LA LT
. suny ENTER BOUNDS ON THIS SLOM LFT EVECTOR wuns
anns [N £20.13 SORMAT. [T
N nuns UNDAMAGED EI1GENVECTOR NO. S@wnns
\‘ 4
&
: weuan REAL TOLERANCE = whnw
R 0.001 .
" unnn IMAG TOLERANCE = swunw
g.g001
(111] ADS COMPLETE [T1T]
N OBJECTIVE FUNCTION =  0.6185SE+01
2-NORM QF RESIDUAL = 0.618%55E+01
DT 2-NORM OF DIFF o 0.27028E-02
. INFQ e 0 ITER = 538
.‘ DAM=LT 0BJ s 0.000005+00 UND-LT OBJ s 0.00000€.00
b WEIGHT FACTOR = 0.10000€-01
a3
L)
[/ nann ENTER "1" TO REENTER ADS LT
5_ wung ENTER "2 TO WRITE ADSUATA mwuw
swnw ENTER "2" TO WRITE XSLOW »wsw
P wunn ENTER "4" TO WRITE SEGEIG wwuwm
“ suns ENTER 0 TO WRITE OPTEIG wuw»
' ,
)
] sunst DAM=RT SLOW SUBSPACE RESIDUAL » 0.42648E<-01 wmnw -
wuun DAM=LT SLOW SUBSPACE RESIDUAL s 0.70510€¢02 wuww
{ UND EVECT SLOW STATE RGT=-DAM RESIDUALS LET-0AM RESIDUALS -
P
< 38 1 0.40692€-02 0.377098-02 0.61885E8+01 0.46814E+0)
- 39 2 0.40688€-02 0.37707E-02 0.61855E-01 0.46814€+01
: 40 3 0.32182€-02 .296028-02 0.37790€+02 0.26721E+02
P 61 4 0.46098€-02 0.37588E-Q2 0.90822E-02 0.639641E-02
2 s 0.45818€-02 0.37662€-02  0.90822€-02 0.63961€-02
) 43 [ 0.24062E~02 L22697€-02 0.10999€+02 ©0.77762€+01
§ 13 ? 0.26622E-02 0.268198-02 0.689388+01 0.48763E+01
2 [13 8 0.62096€-02 0.364673E-02 0.10488E+00 0.76161E~01
LY 13 L 0.37225€-08 0.I85227€-03 0.15057€+01 0.13600E+01}
h Y «7 10 0.11849%~03 0.94384€-0¢ 0.20671€E-01 0.16616E-01
b 8 183 0.15197€-02 0.18792€8-02 0.1183¢£-01 0.81698E-02
! 1) 12 0.91827€-02 0.86928E-02 0.69335E+00 0.69318E+00
50 13 0.53323E-06 0,47874E-04 0.27317E-01 0.19314E~01
o 51 14 0.37652E-05 0Q.36575E~0% 0.23187E-01 0.23084€-01
g 52 18 0.42540€-08 0.42198E-03 0.51955€-01 0.356294E~01
> 83 1¢ 0.93229E-08 0.67544E~08 0.00000E+00 0.00000E+00
84 17 0.2701%8-0%5 0.26852€-08 9.00000E+00 ©.00000€E+00
: 58 18 0.34582€-05 0.343428~08 0.00000E+00 0.00000E+00
"
L wunn ENTER "1" FOR MIN. OF LFT-DAM RESIOUALS ONLY snwn
LLLL] USING ARB VECTOR ELEMENTS AS VARIABLESuwww
) nwnn ENTER “2% FOR LFT NULL SPACE INTRSEC. ANALY, wusw .
|’ annn ENTER "3" TO SHIFT A DESIRED SLOW EIGENVALUE wwsw
N aunn ENTER “4" TO EXIT ELSPACE AND WRITE QOPTEIG  wwaw
" mune ENTER "S™ FOR MIN. OF LET-DAM RESIDUALS ONLY awmw
) uuon USING CIGENVALUE AS VARIABLE. LLLL
swan ENTER 4™ TO WRITE SEGEIG. nuun .
- nunw ENTER 7" TO EXIT ELSPACE. [LLL]
wnan ENTER “0" TO EXIT ELSPACE AND WRITE XSLOM. (LI
*
’
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0.9001

0.001

UND EVECT SLOW STATE

38
3¢
40
41
42
&3
‘6
L]
(1}
&7
<8
(14
80
s1
52
53
° 4
L]

s oo ¥ L

DAM-LT OBJ »

ENTER SLOW [NDEX OF THE RESIDUAL POR ADS ness

ADS 13 BEING ENTERED FOR ESLOW( S) wunw
0.95547€+00 0.00000E-00J

2
$ 0 -

0.38118E+01 0.00000|

Ev00J

ENTER BOUNDS ON THIS SLOW LFT EVECTOR

IN 2

0.13 PCRMAT.

UNDAMAGED EIGENVECTOR NO. 4Owswwnaw

REAL

tMAG

TOLERANCE a wiuw

TOLERANCE = nwnnm

ADS COMPLETE

OBJECTIVE SUNCTION s

2-
oT

NORM OF RESIDUAL =
2~NORM OF DIFFE =

INFO = C ITER = 53¢

WEIGHT FACTOR = 0.[0000E-01

ENTER

ENTER
ENTER
ENTER

*1* TG REENTER ADS

nany
0.86096E+01
0.86096&+01
0.38879€~02

3.00000E+00 UND-LT OBJ s

“2% TO WRITE ADSDATA wwun

"S” TQO WRITE XSLOW
“4™ TO WRITE SEGEIG
“g" TO WRITE OPTEIG

DAM-RT SLOW SUBSPACE RESIDUAL = 0.437
DAM={_T SLOW SUBSPACE RESIDUAL = 0.413

ENTER

ENTER
ENTER

1 0.61267E-02
2 0.4130%E-02
3 0.31%2008-02
« 0.459218-02
[ 0.46600E-02
[} 0.25484E-02
7 0.27548€-02
8 0.42097E-02
e 0.39882E~03
10 0.11462E-03
11 0.15328€-02
12 0.90442€-02
13 0.52781E-04
14 0.34719€-08
15 0.42628E-03
16 0.92308€-08
17 0.26203€-03
18 0.319888-08

RGT-DAM RESIDUALS

0.38424€-02
0.387647E~-02
0.28791E-02
0.37393€-02
0.376462€E-02
0.241848-02
0.26023€-02
0.36473€-02
0.37983E-03
0.897208-06
0.13802€-02
0.937748-02
0.47870€-04
0.33888E-05
0.62294€-03
0.66797€-08
0.24069€-08
0.517728-08

0.00000€+00

21€-01 wwan
S0E+02 weun

LET-DAM RESIDUALS

0.6¢18%55E+01
0.51855E+01
0.86095€+01
0.20522€-02
0.90522€-02
0.10999€+02
0.68938E€+01
0.10488E+00
0.15057€+01
0.20671E-01
0.11536€~01
0.69538€+00
0.27%517€-01
0.28157€-01
0.51955€-01
0.00000E+00
0.00000€+00
0.00000€+00

"1™ FOR MIN. OF LET-DAN RESIDUALS ONLY #une
USING ARB VECTOR ELEMENTS AS VARIABLESs#ww
#2% POR LET NULL SPACE INTRSEC. ANALY, sann
"3% YO SHIFT A DESIRED SLOW EIGENVALUE #nue

R OO NI SERI N N

: S '-:-'-Ff".f

221

0.46B16E-01
0.46814E~01
0.54260E-01
0.63941€~02
0.63941E-02
§.77762€-01
0.48743€E+01
0.76161E-01
0.12600E-01
0.14616€E-01
0.81495€-02
0.69318E+00
0.19316€-01
0.23054€~01
0.56294E-01
0.00000€+00
0.00000€+00
0.00000E+00
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»
.
v
3

ol

- - o

¢
LYY
enun
nuw
wenn
LY
nunn
nunw
0.001
nann
0.001

"4" TO EXIT ELSPACE AND WRITE OPTEIG  wwuwm
"S" FOR MIN. OF LFT-DAM RESIDUALS ONLY waaw

USING EIOENVALUE AS VARIABLE. wane
ENTER “6" TO WRITE 3EGELG. [TYTY
ENTER “7™ TO EXIT ELSPACE. nann
ENTER 0" TO EXIT ELSPACE AND WRITE XSLOW. (111

ENTER SLOW INDEX OF THE RESIDUAL FOR ADS waww

A0S (3 BEING ENTERED FOR E5LOW( o) www=

I s 0.99363E+00 0.00800E+004 wusn
S = -0.51123E-00 0.00000€+00J LAl
ENTER SOUNDS ON THIS SLOW LFT EVECTOR ewse

IN £20.13 FORMAT. nnan
UNDAMAGED EIGENVECTOR NQ. &43wnaw

REAL TOLERANCE s nmmns

{MAG TOLERANCE s nnuw

ADS COMPLETE nune
OBJECTIVE FUNCTION » 0.98729€+01
J-NORM OF RESIDUAL = 0.98729€-01
DT 2=NORM OF DIFF = 0.18694E-00
INFO = 0 ITER = 3764

DAM=LT OBJ » 0.00000€+00 UND-LT QB. » 0.00000E00
WEIGHT FACTOR = 0.10000€-01

UND EVECT SLOW STATE  RGT-DAM RESIDUALS

38
39
(1]
41
€2
3
(13
a8
4
“7
8
[1]
s0
s1
LH
83
54

ENTER “1" TO REENTER ADS [111)
ENTER “2" TO WRITE ADSDATA neww
ENTER “3" TO WRITE XSLOW [I11]
ENTER "4" TO WRITE SEGEIQ wunw
ENTER “0" TO WRITE OPTEIQG wwww

DAM=RT SLOW SUBSPACE RESIDUAL » 0.43¢88E-01 wnaw
DAM-LT SLOW SUBSPACE RESIDUAL = 0.40004E+02 wwus

1 0.41283E-02 0.38645E-02 0.61985€+08
2 0.61369E-02 0.38727€-02 0.61855E8+01
1 4 0.81302€-02 0.18795€-02 0.8609¢€+01
< 0.45928€-02 0.37395E-02  0.90522€-02
] 0.66608€-02 0.374622-02  0.%0822E-02
(] 0.25487€-02 0.241998-02 0.99729€-01
? 0.27545€-02 0.26020€-02 0.68938€+01
8 0.41914€-02 0.363218-02 0.10488€°00
’ 0.39081€-03 0.37°81E-05  0.1%5057€+01
10 0.11464€-03 0.897¢9€~04 0.20¢71€-01
11 0.18327€-02 0.13811€-02  0.1183¢€-01
12 0.98475€-02 0.93766€-02  0.69338€+00
13 0.82782€-04 0.47872€-04 0.27317¢-01
14 0.35449€-08 0.34311£-0% 0.23157€-01
1§ ] 0.42531€-03 0.42198£-083 0.5198%€-01
16 0.90016€-08 0.64633E-085  0.00000€+00
1 0.26202E-03 0.26049€-083  0.00000£+00

222

LET-DAM RESIDUALS

0.646014E+01
0.646814€01
0.86260€+01L
0.639%41€-02
0.63961E-02
0.69282€4+01
0.68743E+01
0.76161£-01
0.126008+01
0.16616E-01
0.81495E-02
0.69518€+00
0.19351¢€-01
0.230%4E-01
0.36294€~01
0.00000€+00
0.00000€+00




s 18 0.319042-08 0.31771€-08 0.00000€+00 0.00000€+00

snen ENTER “1* POR MIN. OF LFT=0AM RESIDUALS ONLY "sas
LLLL USING ARS VECTOR ELEMENTS AS VARIABLESA®wW
sunn ENTER “2™ FOR LPT NULL SPACE INTRSEC. ANALY. wwam
swan ENTER "3" TO SHIFT A DESIRED SLOM EIGENVALUE »ewn
snun ENTER “€™ TQ EXIT ELSPACE AND WRIFE OPTEIQ wnaw
nuen ENTER “S* FOR MIN. OF LFT-DAM RESIDUALS ONLY wwmu

men USING EIGENVALUE AS VARIABLE. LLLL]
sunn ENTER “§" TO WRITE SEGELG. (LI
suaw ENTER “7* TO EXIT ELSPACE. LLTL]

enns ENTER “0" TO EXIT ELSPACE AND WRITE XSLOW. LLLL

wnuw ENTER SLOW INDEX OF THE RESIDUAL FOR ADS wwwse

06
nuwn ADS [S BEING ENTERED FOR ESLOW( é) wwun
nuny T s 0,.99363£+-00 0.00000E+000 (ITT}
s#uusw § » ~0.51123€-00 0.00000E-00J [LTT]
swun ENTER BOUNCS ON THIS SLOW LET EVECTOR wewe
wnnw IN £20.13 FORMAT. wnwe
wen® UNDAMAGED EIGENVECTOR NO. 4Ssweun
“uun REAL TOLERANCE s «nmw
g.001
neny IMAG TOLERANCE = wwuw
0.001
(111 ] ADS COMPLETE LIT L)
OBJECTIVE FUNCTION » 0.86568€+01
T~NORM QF RESIDUAL s 0.86548E-01
OT 2~-NORM OF JIFF o 0.38124E-02
INEQ » O ITER » 373
JAM-_T 0BJ = 0.00000€+00 UND-LT O8J = 0.00000€+00
WEIGHT FACTOR = 0.10000€-0t
sunn ENTER “1* TO QREENTER ADS LLLL]
wews ENTER “3% TO WRITE ADSDATA swne
uwwew ENTER “3* 7O WRITE ASLOW  wese
wann INTER %4 7O WRITE SEGEIG wnww
esen ENTER “0" TO WRITE OPTEIG wuww
1
wusw DAM-RT SLOW SUBSPACE RESIDUAL = (0.43720E-01 sven
nese DAM-LT SLOW SUBSPACE RESIDUAL » 0.38988E¢02 naumw
UND EVECT SLOW STATE RGT-DAM RESIDUALS LPT-DamM RESIDUALS
30 1 0.41294€-02 0.386638-02 0.61955801 0.46814E+01]
39 b J3.613649€-02 0.28703€-02 0.610%8E+01 0.46816L£+01
40 3 0.31%02€-02 0.2879¢E-02 0.06096€-01  0.84240€+01
41 4 0.460640€-02 0.37540€-02 0.90822€-02 0.63%¢1E~-02
€2 ] 0.46399€-02 0.37648€-00 0.90%32€-02 0.65961€-02
43 [} 0.3S482€-02 0.241848-02 0.86568€+01 0.89235€+01
44 ? 0.27841E~02 .S6014€-02 0.68938E+01 0.48763E€+0)
s ] 0.419138-02 0.34321E8-02 0.10689€+00 0.741¢18-01
(1} L 0.39874E-03 0.37978£-03 0.13087€+01 0.12600E-01
47 10 0.116468€~08 0.89779¢8-064 0.20671€~01 0.14616&-01
0 1 0.18526€-02 0.13811€£-02 0.11836€-01 0.81498€~02
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0.98419€-02 0.937S0E-02 0.69335E+00 0.69518€+00

0 18 0.52770€-06 0.47872E~04 0.27317€-01 0.19316E~01
$1 16 0.35123E-0% 0.361428-05 0.23157€~01 0.230548-~01
$2 18 0.42832€-03 0.42198E-03  0.51955€-01 0.36294E~01
83 16 0.93292€-03 0.47828€-03  0.00000£+00 0.00000€+00
84 17 0.26201€-03 0.26048E-035  0.00000E+00 0.00000€+00
88 19 0.31781E-0% 0.317¢8€-05 0.00000€+00 0.00000€+00

wans ENTER ~1% SOR MIN. OF LFT-DAM RESIDUALS ONLY snan
LALL] USING aRB VECTOR ELEMENTS AS VARIABLESwwww
*nmn ENTER "2 FOR LFT NULL SPACE INTRSEC. ANALY, <waw
sans ENTER <3 TO SHIFT 4 DESIRED SLOW EIGENVALUE snwe

cwwe ENTER “4" Y3 EXIT €LSPACE anND WRITE ZPYEIG “wew )
eann ENTER “S* FCOR MIN. OF _ET-CAM RESIDUALS ONLY “wes
“enn USING EIGEMVALUE AS VARIABLE. cunu
susn ENTER “¢™ TO WRITE SEGEIG. LAl
sunw ENTER ~7" TQ EXIT ELSPACE. unnp

neum ENTER "G TO EXIT ELSPACE AND WRITE X3LOW.

wean ENTER SLOW INDEX OF THE RESIDUAL FOR ADS swnw

wans ADS IS B€ING ENTERED SOR SSLOW( ) wwww

wneN T s 0.99978€+00 0.00000E-00y bk
wunw 5 2 «0.176028-01 0.00000€+00J “nnn
win® ENTER BOUNDS ON THIS SLOM LFT EVECTOR
erew IN F20,.13 FORMAT,

wnww UNDAMAGED EIGENVECTOR NO. 46rwnn

wnee REAL TOLERANCE ¢ wnaw
¢.001
wwus {MAG TOLERANCE s nenn
a
0.001
[T AJS COMPLETE 'TIT]
OBJECTIVE FUNCTION = (.135508E+01
J=NORM OF RESIDUAL = 0.1350SE£+01
OT 2-NORM OF DIFF s 0.18478€-02
INfQ s 0 ITER « 472
OAM-_T 0BJ = 0.00000€+00 UND-LT O8J » 0.00000E+00
wEIGHT FACTOR s 0.i0000£-01
swen ENTER ~1" TQ REENTER ADS annn
wnes ENTER "2 TO WRITE ADSDATA sumw
suus ENTER “$™ TO WRITE XNSLOMW LiLd
wsmn ENTER "4" TO WRITE SEGEIG w#wun
vene ENTER ~0" TC WRITE OPTELIG wwus
i
wens DAM-RT SLOW SUBSPACE RESIDUAL s §.4S731E-01 wenw
wees DAM-LT SLOW SUBSPACE RESIDUAL o 0.38833E+02 sene
UND EVECT SLOW STATE  AROT-DAM RESIDUALS LFT-0AM RESIDUALS
] 1 0.41292€-02 0.30661E-02  0.41088E+01 0.46014E+01
3 H 0.641340€-02 0.38702€-02  0.6188SE+01 0.46814E+01
€0 3 0.313028-02 0.38796E-02  0.86096E+01 0.84260€+01
1 . 0.460408-02 0.37540€-02 0.90822€-02 0.63961€-02
«2 L] 0.46720€-02 0.37594€-02 0.90822€-02 0.63941E-02
S e e
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43 (] 0.25481€~02 0.24103E-02 0.86568€+01 0.59235E+01
““ 7 0.275640€~02 0.2601SE-02 0.68938€+01 0.48743E-01
43 ] 0.41914E-02 O.3¢321E-02 0.10488E~00 O0.74161E-01
46 ’ 0.39072€-03 0.37973E-03 0.13308€<01 0.12601E+01
47 10 0.114458-035 0.89782€-04 0.20671€-01 0.14616€-01
«8 11 0.15326E-02 O0.13811€-02 0.11853¢E-01 0.8149%8-02
49 12 0.98413E-02 0.937458~02 0.69S35€-00 0.69518E-00
L L 13 2.82771€6~04 Q.47873€-06¢ 0.27817€~-01 0.19351¢€-01
L3 16 0.28123E-05 0.24143E-08 0.235187€-0! 9.23054E-01
52 18 0.42832€-08 0.4J198€-08  0.$1955E-01 0.I6294E-0]
L H 1é 0.933500€-08 0.47827€-03 0.00000€+00 0.00000CE-00
$6 17 LJ6201E~03 0.26048€-083  0.00000€-00 9.00000£+00
. L1 ‘8 0.31981E-08 0.31768€~-0%  0.00300E+C0 1.00000L-90

swne ENTER "1™ ©OR MIN, OF LET-DAM RESIDUALS CNLY “wew
(Ll JSING ARB VECTOR ELEMENTS AS VARJABLESwwes
#unn ENTER “T% FOR LET NULL SPACE [NTRSEC. ANALY. weww
ssan ENTER “3* TO SHIFT A DESIARED SLOW EIGENVALUE esew
swsw ENTER “6¢™ TQ EXIT ELSPACE AND WRITE OPTE!IG sune
anww ENTER “$™ FOR MIN. OF LFT-DAM RESIDUALS ONLY wwsw

LLLL] USING EIGENVALUE AS VARLABLE. nnne
nunn ENTER "6“ TO WRITE SEGE!G. nuns
wnww ENTER “7° TQ EXIT ELSPACE. nsan

waws ENTER “0" TO EXIT ELSPACE AND WRITE XSLOW. bkl

3
ENTER “1® TO CALC RESIDS FOR RECONSTRUCTED SPACEw
“ELSE “0". .
1
enne DAM-RT SLOW SUBSPACE RESIDUAL » 0.437S1E-0) »www
suun 0AM-LT SLOW SUBSPACE RESIDUAL = 0.91277E+Q2 #nna
UND EVECT SLOM STATE RGT-0AM RESIDUALS LET~DAM RESIDUALS
38 1 0.41292€-02 0.38661E-02 0.21257€-02 J3.20396E<02
39 2 0.6413548€-02 0.38702€-02 0.2228%€+02  1.J1296E.02
€0 3 0.31302E-02 0.28796€-02 0.48969%€+01 0.50227€-01
L} 4 0.46040€-07 0.375S40E-00  0.9044BE-02 0.63947E-02
2 s 3.46720€~-02 0.57594E~02 0.91533€-02 0.639%4BE-02
43 ¢ 0.28481E-02 0.24183€-02 0.16404E-02 2.15390€+02
(3 ? 0.27840€-02 0.260188-02 0.92855E+01 0.7654SE01
(11 ] 0.61914€-02 0.36321E-02 0.106B9€+00 9.7¢18ZE-Q1
éé ’ 0.39872€-03 0.37973€-05  0.11592E+02 0.11384E+02
«7 10 0.1166%€-03 0.89797E-0¢ 0.306728-01 0.14617E-01
<8 il 2.18326€-02 0.12811€8-02 0.11874E-31 0.816498€-02
1) 12 0.9841JE~02 0.937645E-02 0.783537E-90 0.¢°21%E+00
80 13 0.5S2771E-06 0.47873JE-04 0.27817€-91 0.19318€-01
Si 16 0.55123E-08 0.34143E-05 0.l6CO01E<01 0.35697E+01
2 1% 0.62532€-05 0.42198€-03 0.81901€-01 0.3429%E-01
83 16 0.95300€-03 0.67827€-03  0.00000€<00 0.00000E+00
56 17 0.26201E-08 .26048E-03  0.00000E+00 0.00000£+00
L1 is 0.31981E-08 0.31768€E-05 0.00000€+-00 0.000C0E<00
ENTER ~1” ROR MIN. OF LFT-DAM RESIDUALS ONLY wnnn
sRen USING ARB VECTOR ELEMENTS AS VARIABLESwwuwm
nuwn ENTER “2" POR LFT NULL SPACE INTRSEC. ANALY, swwe
wumw ENTER “$3"° TQ SHIFT A BESIRED SLOW EIGENVALUE swes
wuna ENTER "4” TO EXIT ELSPACE AND WRITE OPTEIG L]
weun ENTER “5° FOR MIN. OF LET-DAM RESIDUALS ONLY wene
nunn USING EIGENVALUE AS VARIABLE. LLLL
wwne ENTER “¢” TO WRITE SEGEIG. wnwn
wunw ENTER "7° TO EXIT ELSPACE. sRun
nane ENTER “0" TO EXIT ELSPACE AND WRITE XSLOW. LLLY]
L)
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SENTER “1* TO CALC RESIDS FOR RECONSTRUCTED SPACE®

wELSE “0", »
0
R: T=181.47/154.81 15:08:48
RECONFE

VS FORTRAN COMPILER ENTERED. 13:09:04
suMAINww END OF COMPILATION | swunss
«MCMATMLY® IND GF COMPILATION 2 ewwane
waRANKDE® END OF COMPILATION 3 suwsun
WRWAMATD#® END OF COMPILATION & sanses
29SROQT## END OF COMPILATION 5 nunnnn
VS FORTRAN COMPILER EXITED. 15109:11
LOADING RECONE AND QRACLSA
EXECUTION BEGINS...
SNTER “1° TO WARITE UNDAMAGED EIGENSTRUCTURE.S
SYSY. MATRICES.!READ “RECONF" DATA al.
“UNDIEG"."UNDABC™.3 “CLM“.
ENTER "2 TO READ UNDAMAGED EIGENSTRUCTURE AND
MRITE SLOW RT SUBPACE JATA FOR ySE BY
"ERSPACE™ (WRITE “SRSPACE" DATA al)
ENTER “3* TO COMPUTE RECONFIGURED GAINS.
(WRITE “FRECON™ JATA al}
ENTER "6™ TO COMPUTE RECONF1G. CIGENSTRUCTURE
AND TIME RESPONSE (CPTMATD.OPTPLQT)

ENTER “S* TO COMPUTE Q AND WRITE FILE 12 D
"EXACT™ DATA.

wuwe ENTER *1* TO DISPLAY DESIRED EIGENSTRCTUREwwu«w
wnse ENTER “0" OTHERWISE. nunn

smww CALLING LSVDF FOR B wnne

nunn _SVDE OF “B" COMPLETE wane
“nmn RANK(S) s 10 anne

uuun CALLING LSVDF FOR C wwun

snun LSVDF OF "C" COMPLETE unwn
nene RANK(C) s 18 [ITT]
Rt Tag.34/9.72 13:09161]
AECONT
VS FORTRAN COMPI_ER ENTERED. 15:09:68
snpAINey END OF COMPILATION 1 swuwan
*sCMATML % END OF COMPILATION 2 wanwan

SuRANKDYS END OF COMPILATION § sunaun .

#ouAMATDRs END OF COMPILATION & snwwaw
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#2SRO0THs END OF COMPILATION § wannwuw
VS FORTRAN COMPILER EXITED. 15:09:58

LOADING RECONF AND ORACLSA
EXECUTION DEGINS...

ENTER “1" TO WRITE UNDAMAGED £IGENSTRUCTURE.Z
SYST. MATRICES.(READ "RECONF™ DATA Al
“UNDIEG™."UNDABC™” .3 “CLM".

ENTER “2" TQ READ UNDAMAGED EIGENSTRUCTURE AND

"SRSPACE" ‘WRITE “CRSPACE"™ 3JATA al)
ENTER "3" “0 COMPUTE RECONPIGURED SAINS.

(WRITE “CAECON" DATA al)
ENTER "4" TO COMPUTE RECONFIG. EIGENSTRUCTURE

AND TIME RESPONSE (OPTMATD.OPTPLOT!
ENTER “S™ TO COMPUTE Q AND WRITE FILE 12

“FXACT™ DATA.

swwn ENTER “1% TO DISPLAY RECONFIGURED enun
wnun EIGENSTRUCTURE. ELSE ENTER "0~". anun

wunn DAMAGED FEEDBACK GAIN MATRIX «wse
coL (-9

0.2143SE+00 -0.13143€-00 0.00000€+00 0.00000E+00 0.26000E-01
8.21435€+00 ~0.13143E+00 0.00000E~00 C.00000E+00 -0.24000E-01
0.00000E-00 J.00000€-00 0.J0948E-0! 0.00000E+*C0 0.00000E+00
0.00000E-20 0.20000E+00 J.l0948E-21 2.00000%-00 0.00000E+00
8.00000€+00 0.00000£-00 0.110C8E-91 0.00000E-0Q0 0.[9C00E-01
0.00000€+00 7.00000E+C0 3.110°8E-01 QJ.00000E-00 -0..9200E-01
6.00000E-00 0.00000£-00 0.00C00E+00 0.00000E*0Q0 0.60000E-31
0.00000E-00 0.00000E-00 0.00000E+00 0.0000CE+00 ~0.63000E-01
0.30000E+-00 0.00000€+00 0.00000€+00 0.68937£+00 0.58807E-00
0.000C0E+00 0.300C0E*00 0.00000E-00 0.68937E-00 0.38807E+00

coL 10 - 1@

Q.19161€-01 -0.21079E+00 -0.38292E-01 0.00000€+00 0.30000€+00
0.00000€+00 9J.00000E+00 0.00000&+00 9.4123I5E-01 J3.30000E+00
0.00000E+00 0.00000E-00 17.00000E+00 O0.41Z3SE-01 0.000008-00
0.00000E+00 0.30000E-00 0.00000E+00 0.00000E+00 0.21883E-01
0.00000€-00 0.00000E-00 ©0.00000E+00 0.00000£+00 .21882E-01
0.00000E+00 0.00000E+00 0.00000E+Q0 0.00000E+00 0.00000€E+00
9.00000£+00 0.00000€-00 0.00000€-00 0.Q0000E~-QC 0.0CQ0QE+0Q
0.000007+00 0.00000€+00 0.00000E+00 0.00000E+00 0.00000E+00 -
0.00000E+0C 0.00000E+00 0.00000E-00 0.00000€+00 0.00000€+00 ~

unuw ET{L0A wnuw
coL 1-9

0.21614E+00 -0.13102€+00 0.44209E~-03 0.846018-06 0.24001E-
0.21614€+00 ~0.153102E+00 0.464171€-08 ~0.32910€-06 -0.26001E-01
- 0.35389E-02 0.74240E-02 0.26497€-01 -0.90519E-06 -0,29955E-06 -
0.38590€-02 0.74241E-02 0.l6698E-01 -0.90517€-06 -0.29954E-0¢ -
0.89943E-02 -0.93908€-02 0.47866E-02 -0.10017€-04 0.19203E-01 -
0.59859€-02 -0,93978€E-02 0.47954E-02 -0.14390E-05 ~0.19204E-0]
0.26692€-07 -0.18214€E-06 -0.15221E-0% -0.16780E-05 0.60005€6-01 -
«26683E-07 0.18196€-06 0.315203E-08 0.164764E-0% -0.60005€-01
0.14960€-05 -0.63927E-08 -0.43987E-04 0.48943€+-00 0.38810£+00
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~0.19161E~01 -0.J1079€+00 -0.38282E-01 0.00000E-00 9.00000&+00

WRITE SLOW RT SUSPACE 3ATA FOR USE 3Y

0.00000E+00 -0.25739€-02
0.00000E~00 -0.I5739E-02
0.00000€+00 0.3Q000E+0C0O
0.00000E+90 0.00000E-00
0.00000€+0C 0.00000€-00
.00000€+<00 (.00000E-CC
.00000E+00 0.00000£+00
-00000E«00 0.00000E+00
«16500€+0C 0.30000£+00
-16500€E+0C 0.00000£+00

o

o o o o

0.00000€+00 0.00000£+00
0.00000€-00 0.00000E+00
0.00000E+-00 0.00000€+00
Q.00000€-00 0.00000&00
0.00000E«00 0.00000E00
0.00000E+00 0.C0Q0QCE00
0.00009€E+00 0.00Q00E-0QQ
0.95636E-02 -0.69395€~02
0.85636E-02 ~0.69395E-02

01 0.3858¢E-0S -0.J6040E-02

0.42988E-05 ~0.26040€~02
0.19859E-04 ~0.50029€-03
0.19059€-06 ~0.50030€-03
0.22855E-08 0.51752€-08%
0.20628E-06 0.51748€-08
0.52361E-04 -0.30742E-08
0.52332E-06 0.3076%€-08
0.16500£+02 0.89218€-07

0.76813E-03 -0

0.76813E-03 -0.

6.00000€+00
0.00C00E«00
0.00000&+00
0.00000€-00

0.00000€-00
0.00000E+00
0.00000€+00

0.00000E°00 0.00000E+00 0.00000E+00

0.00000E+00
0.00000€-00

0.00000E-00
0.00000E+00

0.00000E-00 0.

0.00000E~Q0 ¢
0.78040€-0¢ 0
0.780640€E-04 ©

0.20812€-06 0
0.22812E-0¢ O
0.28965€-10 -9

0
0
4
Q
0.00000E+00 0.
0
[
9

[}
]
0.00000E+-Q0 3.
[}
0

-19141€-01
1%161E-01
.00000E+00
.00000€-00
.00000€+00
.00000E-%0
0Q0COE-0Q0
.00000LE+00
.00000E-0Q0
.00000E-00

0.00000€-00
.00000€E+00
.0C000E-20
00Q00E+qU
.00000E+0C
+00C00E-00
0000CE+Q0
+00000E+00
.317S0E-02
.317S0€E-02

G.76733€E-03 -0.19364E-01

0.76733E-03 ~0.
=0.13901E-04 -0.
~0.13902€-04 -0.37208E-02

19364E-01
37206E-02

.38487E-02
< I8684E-02
«35548€-07

-0.28758B€E-10 0.35546€E-07
0.72124€-00 ¢

. 64980E-0¢

bt diad-li it d o
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0.14751E-08 -0.636450E-05 -0.63932E-06 0.68943E-00 0.38810E-00 0.16¢500E-02
coL 10 - 18
~0.193645-01 -0.2102SE+00 -0.38728E-01 0.264654E-064 0.179%1€-064 O0.10460E-97
0.19344E-01 -0.21025E+00 -0.28728€E-01 J26659E-04 0.17918E-06 0.13479€-07
0.37206€-02 0.93827F-02 ~0.76407€-02 0.41299E-01 0.43515€-08 ~0.30406E-07
0.17208E-02 O.93829E-02 -0.764409E-02 0.41J99E-C1 0.43516E-03 -0.30405E-07
0.38487E-02 -0.1229¢€-01 0.769658-92 ~0.57057E-04 0.21408€-01 ~0.56211€E-07
9.294B4E-Q2 -0.iI293E-0. 0.76959E-02 -9.57047E-04 0.J1409€-01 -0.14108E-06
3.35%45E~)7 -0.97189E-07 -0.47360E-07 -3.19057E-08 -0.17158€-06 ©0.15267E-07
2.255608=07 3.5700ZE-07 ".<7IBFE~27 1..902°E€-08 1.iT71IIE-06 -3..83I8€E-127
1.064980E-36 ~0.5676BE~-u8 1.I%I18E~35 ~..5884E-36 -9.59742E-5 -3.85640E-220
3.63598E-08 -J.56191E-C% )..8B4IE-8 -)..5834E-06 -1.59690E-05 -0.35637€-02
ewun ENTER "1" FOR TIME RESPONSE CaALC. ewme
wwuw ENTER "0" OTHERWICE. enen

4

R: T=7.87/9.

96 13:10:28
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0.86C11E-07

0.65791E-08
-0.19204€E~-07
-0.16J03€~07
~0.l8B421E-07
-0.1039JE-9%

0.12269E-07
-0.124C5E~07
-C.49I%8E~u2

-).493°8€E-02

0.71250E-08 0.62595€-06

0.54048E-08 -0.20918€E-08 -0.84%98E-08

~0.22S51€~-08 -0.69394E-08

0.42507€-08
0.42510E~08
~0.29828€E-C8
-0.26047E-08
-0.7999C0E=-10
3.79930€-10
1.78041E-354
J./BOGSE-Ca

o o o

w0 0o o

.15983E-07
. 15908E-Q7
.23661E-07
L6361 7E-07
.G939CE-08
.GA518E~J8
LoiT82g-52

L2l782E-02

.)ﬁl\:}L.Duih.?
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